
This is a digital copy of a book that was preserved for generations on library shelves before it was carefully scanned by Google as part of a project 
to make the world's books discoverable online. 

It has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was never subject 
to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domain books 
are our gateways to the past, representing a wealth of history, culture and knowledge that's often difficult to discover. 

Marks, notations and other marginalia present in the original volume will appear in this file - a reminder of this book's long journey from the 
publisher to a library and finally to you. 

Usage guidelines 

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing this resource, we have taken steps to 
prevent abuse by commercial parties, including placing technical restrictions on automated querying. 

We also ask that you: 

+ Make non-commercial use of the files We designed Google Book Search for use by individuals, and we request that you use these files for 
personal, non-commercial purposes. 

+ Refrain from automated querying Do not send automated queries of any sort to Google's system: If you are conducting research on machine 
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encourage the 
use of public domain materials for these purposes and may be able to help. 

+ Maintain attribution The Google "watermark" you see on each file is essential for informing people about this project and helping them find 
additional materials through Google Book Search. Please do not remove it. 

+ Keep it legal Whatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume that just 
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users in other 
countries. Whether a book is still in copyright varies from country to country, and we can't offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume that a book's appearance in Google Book Search means it can be used in any manner 
anywhere in the world. Copyright infringement liability can be quite severe. 

About Google Book Search 

Google's mission is to organize the world's information and to make it universally accessible and useful. Google Book Search helps readers 
discover the world's books while helping authors and publishers reach new audiences. You can search through the full text of this book on the web 



at |http : //books . google . com/ 



HARVARD UNIVERSITY 




LIBRARY 

or THI 

PEABODY MUSEUM OF AMERICAN 
ARCHAEOLOGY AND ETHNOLOGY 

GIFT OF 

H«W«Hayna8 

Received 2312 




Digitized by 



Google 



Digitized by 



Google 



Digitized by 



Google 



THE 



GEOLOGICAL«SSr»:* 



AND 



KQOESTef 

fllf. HENRY W.HAVWES 
lit? 



unm iisTOM mm 



uF 



MINNESOTA. 



THE NINTH ANNUAL REPORT, 
FOR THE YEAR 1880. 



STATE UROLOGIST. 



ST. PETER : 
J. K. MOORE. STATE PRINTER. 

1881. 



Digitized by 



Google 



«»n 






The Board of Regents 



UNWERSITY OF MINNESOTA. 



HENRY H. SIBLEY, St. Paul, President. 

WM. R. MARSHALL, St. Paul. 

THOMAS S. BUCKHAM, Faribault. 

RICHARD CHUTE, Minneapolis, Rec. Secretary and Treas. 

A. J. EDGERTON, Kasson. 

GREENLEAF CLARK, St. Paul. 

0. V. TOUSLEY, Minneapolis. 

EX-OFPICIO. 

JOHN S. PILLSBURY, Governor, Minneapolis. 
D. BURT, Superintendent of Public Instruction, ^i. Paul. 
WM. W. FOLWELL, Pres. Univ. Minn., Minneapolis, Cor. 
Secretary. 



Digitized by 



Google 



PUBLICATIONS OF THE GE0LUC4ICAL AND NATURAL HISTORY 
SURVEY OF MINNESOTA. 



1. ANNUAL REPORTS. 

The First Annual Report of the Geological and NaUural History Survey of 
Minnesota, for the year 1S72, By N. H, Winchell. 8vo. 112 pp., tvith a 
colored geological map of the State. Pttblished in the Regents* Report 
for 1872. Out of print. 

The Second Annual Report on the Geological and Natural History Survey of 
the State, for the year 1873. By N. H. Winchell and S. F. Peckham. Re- 
gents^ Report; 148pp. 8ro.; with illustratimis. 

The Third Annual Report on the Geological and Natural History Survey of 
Minnesota f for the year 1874. By N. H. Winchell. 41 pp. 8vo.j with two 
county maps. Published in the Regents* Report for 1874. 

The Fourth Annual Report on the Geological and Natural History Survey of 
Minnesota, for the year 1875. By N. H. Winchell, assisted by M. W. Har- 
rington. 162 pp. 8vo.; with four county maps and a number of other illus- 
trations. Also published in the Regents* Report for 1875. 

The Fifth Annual Report on the Geological and Natural History Survey of 
Minnesota, for the year 1876. By N. H. Winchell; with Reports on Chem- 
istry by S. F. Peckham, Ornithology by P. L. Hatch, Entomology by A lien 
Whitman, and on Fungi by A. E. Johnson: 8vo. 24S pp.; four col ored 
maps and several other illustrations. Also published in the Regents* Report 
for 1876. 

The Sixth Annual Report on the Geological and Natural Histoiy/ Survey, for 
the year 1877. By N. H. Winchell, with Reports on Chemical Analyses 
by Prof. Peckham. on Ornithology by P. L. Hatch, on Entomology by Allen 
Whitman, and on the Geology of Rice County by L. B. Sperry; three geo- 
ogical maps and several other illustrations. 226 pp. 8vo. Also published 
in the Regents* Report for 1877. 

The Seventh Annual Report on the Geological and Natural History Survey of 
Minnesota, for the year 1878. By N. H. Winchell, with a Field Report by 
C. W. Hall, chemical Analyses by S. F. Peckham, Ornithology by P. L, 
Hatch, a list of the Plants of the north shore of Lake Superior by B. Juni, 
and an Appendix by C. L. Herrick on the Microscopic Entomostraca oj 
Minnesota, with twenty-one plates. 123 pp., f^vo. Also published in the Re- 
gents* Reitortfor 1878. 
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The Eighth Annual Report on the Geological and Natural History Surrey of 
Minnesota, for the year 1819, By N. H. Winchell, containing a statetnent 
of the methods of Microscopic Lithology, a discussion of the Cupriferous Se- 
ries in Minnesota, descriptions of new species of hrachiopods from the Tren- 
ton and Hudson River formations ; the Geology of Central and Western Min- 
nesota, by Warren Upham; report on the Lake Superior region by C W, 
Hall; lists of Birds and of Plants from Lake Superior by Thomas S. Roberts; 
Chemical Analyses by S. F, Peckham; Report by P. L. Hatch; and four 
Appendixes. IBH pp, Hvo. One 2)late of Castoroides Ohioensis. Also in 
the Regents* Report for 1879 and '80. 

II. MISCELLANEOUS PUBLICATIONS. 

1. Circular No. 1. A copy of the law ordering the survey, and a note 
disking the co-operation of citizens and others, 1872. 

2. Peat fob Domestic Fuel. 1874. Edited by S. F. Peckham. 

3. Report on the Salt Spring Lands Due the State op Minnesota. 
A history of all cjficial transactions relating to them, and a statement of their 
afnount and location, 1874. By N. H, Winchell, 

4. A Catalogue of the Plants of Minnesota; prepared in 1865 by Dr. 
I, A, Lapham, contributed to the Geological and Natural History Survey of 
Minnesota, and published by the State Horticultural Society in 1875. 

5. Circular No. 2. Relating to Botany, and giving general directions for 
collecting information on the flora of the State. 1876. 

6. Circular No. 3. The establishment and organization of the Museum. 

1877. 

7. Circular No. 4. Relating to duplicates in the Museum and to ex- 
•changes. 1878. 

8. The Building Stones, Limes, Clays, Cements, Roofing, Flagging, 
AND Paving Stones of Minnesota. A special report by N, H. Winchell. 
1880. 

9. CiBpuLAR No. 5. To Builders and Quarrymen, Relating to the col- 
lection of two-inch cubes of building stones for physical tests of strength, and 
for chemical examination, and samples of clay and brick for the General Mu- 
seum, 1880. 

10. Circular No. 6. To owners of mills and unimproved water powers. 
Relating to the Hydrology and water-powers of Minnesota. 1880. 
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ADDRESS. 



The University of Minnesota, ( 
Minneapolis, Dec. 15, 1880. ) 

To the President of the University: 

Deab Sir. — It gives me pleasure to present herewith the Ninth 
Annual Report on the progress of the Geological and Natural 
History Survey of the State, as required by the terms of the law 
creating the same. This annual report has been curtailed by the 
preparation of the first volumes of the final report, and some of 
the material which otherwise would find place here, is more properly 
reserved for incorporation in the final report. 

Very respectfully, your obedient servant, 
N. H. WINCHELL, 
State Geologist and Curator of the General Museum. 
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REPORT. 



I. 

SUMMARY STATEMENT. 



During the year, since the rendering of the last report, consid- 
erable time has been spent in laboratory, office and museum Work. 
The crystalline rocks gathered during two seasons of field work in 
the northern part of the State, including the Cupriferous Series, 
the Huronian, and the light-colored granites presumed to belong 
to the Laurentian, have been provisionally arranged, labeled, regis- 
tered and prepared for final examination. About 300 thin sec- 
tions have been made for microscopic examination, and about one 
hundred, embracing the coast series along the north shore of Lake 
Superior, have been subjected to preliminary study. 

In Palaeontology considerable progress has been made in the 
determination of the brachiopoda ot the Trenton and Hudson river 
formations, resulting in the identification of — 

Seven species of Lingula^ of which two are supposed to be new; 
one species of Discina; three species of Crania^ of which one is 
new; fifteen species of Ortkis, of which eight are probably new; 
three species of Strophomena^ including one new species, and three 
of Hemipronites. Of these drawings have been made preparatory 
to final publication. 

In the Museum important changes and improvements have been 
made. The central portion of the south room, devoted to geology 
and mineralogy, has been filled by the construction of a large up- 
right case in which are to be placed the minerals, rocks and fossils 
of Minnesota, as fast as they are turned over for exhibiton by the 
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8 ANNUAL REPORT. 

survey; and already a fair representation of them hafi been placed 
on the shelves; and the contents of all the cases have been inven- 
toried. In the north room additions have been made to the stuflFed 
mammals and birds, and to the fishes and invertebrates, from va- 
rious sources, and especially from the United States Fish Commis- 
sion. 

At the spring meeting of the Board of Regents a communica- 
tion from the St. Paul Chamber of Commerce, relating to the 
building stones, clays and limes of Minnesota, was referred to the 
State Geologist, with instructions to specially investigate and re- 
port as soon as possible on the same, respecting their quality, ex- 
tent and accessibility. Such an investigation was at once begun, 
and is still going forward ; but a preliminary report on the same, 
answering immediate demands, was made to the President of the 
Board of Regents some months ago, which by his direction has 
been printed as a separate and special document. At the same 
time a general circular was issued, addressed to builders and quar- 
ry-men, calling attention to the matter, and asking co-operation in 
procuring the necessary samples of rock for examination. 

Another circular to owners of Mills and unimproved Water-Pow- 
ers, was issued, intended to facilitate the collection of information 
on the hydrology and water-powers of the State, for the purpose 
of fully presenting this important branch of the internal resources 
of Minnesota in a creditable form, with tables and descriptions, in 
some part of the final report. 

At the present time pi*ogress has been made on two volumes of 
a final report, and one of them will be offered to the Regents du- 
ring the present winter. Suitable legislation should be had con- 
cerning its publication, by the biennial session of 1881. 

In regard to the field-work of the survey, this has been prose- 
cuted constantly during the wording season by Mr. Warren Up- 
ham, who has been engaged in the southwestern portion of the 
State mainly, and has resulted in many valuable and very interest- 
ing facts relating to the drift deposits and the economical geology 
of that part of the State. 

During the summer and autumn Mr. C. M. Terry has been en- 
gaged in an examination of the "Lake Region" in the north-cen- 
tral part of the State with special reference to the hydrology of 
the same and the distribution of forest trees, and later he has been 
engaged gathering information concerning the water-powers of 
the entire State, in accordance with the circular already men- 
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tioned. During the fore-part of the year he was engaged in the 
preparation of microscopic thin-sections, and on work connected 
with the Museum. 

Some supplementary field-work has been done by the writer in 
the southern part of the State, with a view to settle some geologi- 
<5al doubts respecting localities that had already been examined ; 
and at the same time large additions were mad^ to the collections 
of fossils from the Hudson River and Trenton Armations. 

Drawings have been made of maps and fossils in the laboratory 
of the survey, by Mr. C. L. Herrick, who has arso acted as general 
laboratory and museum assistant. 

Thanks are due to various individuals who have rendered aid in 
•carrying forward the field work, or have presented specimens to the 
museum, or have given information desired, among whom it is just 
that the following should be mentioned: Mr. 0. E. Garrison, of 
St. Cloud, who has contributed various manuscripts and maps con- 
cerning the geology of Steams county and the upper Mississippi; 
Nathan Butler, of Minneapolis, who has given information of 
various interesting wells sunk in the northwestern part of the 
State; C. E. Whelpley and W. E. Swan, for information of the 
same character from artesian wells in the state ; T. M. Young, for 
written accounts of glacial formations and morainic deposits in 
the upper portions of the Mississippi valley; Dr. D. F. Powell, B. 
A. Man, and others of Lanesboro, for relics and information 
<5onceming the pre-historic mounds lately opened near that city; 
and to the old Winnebago chief Winnosheik of Trempelean, Wis- 
<;onsin^ for an interesting tradition prevalent among the Winneba- 
goes concerning the mounds near Lanesboro; Mr. B. Juni, of New 
Ulm, and Thomas S. Roberts and H. V. Winchell, of Minneapolis 
for specimens for the zoological department of the museum; the 
United States Fish Commission, per Prof. S. F. Baird, for a set 
(No. 46) of the Atlantic coast and other fishes, and a set (No. 37) 
of invertebrates, prepared by the commission; Henry Mayhew, of 
Orand Marais, for specimens from the northern part of the state. 

The survey is under obligations to the oflScers of the following 
railroad companies for free transportation for parties engaged in-^ 
the field work during the year, viz: The St. Paul, Minneapolis & 
Manitoba, the St. Paul & Duluth, the Northern Pacific, the Minne- 
apolis & St. Louis, the Winona & St. Peter. 
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II. 
PRELIMINAY LIST OF ROCKS. 



The following field and preliminary descriptions of the rock 
samples of the crystalline formations in the northern part of the 
state, with their accompanying localities^ will not only furnish a 
running, brief commentary on the geology of the country, and 
show the progress of the field work there, but will serve also as a 
reference guide in the future investigation of their mineral and 
chemical characters, as well as in the final description of the geol* 
ogy of the region. The descriptions pertain mainly to the mac- 
roscopical characters of the rock, as they appear in the field, al- 
though most of the crystalline parts of the Cupriferous series 
have also been subjected to a preliminiary microscopic examina- 
tion by means of polarized light in thin sections. In the field- 
notes made respecting these specimens, are full accounts, with 
sketches, showing their geological relationships, which are intend- 
ed for the final report on that part of the State, when the field- 
work shall have been completed. 

The specimens here described have been permanently numbered 
with a bru8h,yith blue shellac and alcohol, to distinguish them from 
the serial numbers of the University Museum, which are in red 
shellac and alcohol ; and as they will always remain at the Uni- 
versity for study and comparison, their value will be greatly en- 
hanced if they receive only this incomplete serial description. To 
this list will be added other numbers, as the work progresses, and 
finally a set representing the typical rocks will be chosen for 
exchange with other museums. 

The rock samples here numbered and described were collected 
in the field by the writer, in 1878, though sometimes accompanied 
and aided by other members of the survey The collec- 
tions of Messrs Hall and Upham, of the crystalline rocks of the 
State, have not been tabulated nor examined suflSciently for re- 
Digitized by VjOOQIC 
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From Duluth to Pigeon River. 

1. N wj sec. 34, near Duluth, "Rice Point Granite" and its varia- 
tions: gray, hard, appearing like massive labradorite, but also con- 
tains magnetite and augite, as essentials, with accidental quanti- 
ties of epidote and a chloritic mineral that probably results from 
change. 

1. A. From the same rock, but further N. E., being from the 
hill in the suburbs of Duluth, {intersection of 5th Avenue E. and 
7th Street), taken because of a change there introduced in the 
formation. 

1. B. Red rock, associated with No. 1, Duluth, consists es- 
sentally of orthoclase, hornblende and quartz. 

1. C. Magnetited condition of No. 1, from the iron mine, 
Duluth. 

1. D. Globular-weathering masses, appearing like a conglom- 
erate, from No. 1, at a point about half way between the depot and 
Newson's quarry, Duluth. 

1. E. Nodule from 1 D., same as No. 1. 

2. A finer-grained rock, of the same general character as No. 
1 A., and running in the form of a dyke, N. 30 ® W. and separat- 
ing No. 1 A. from No. 3. 

3. Compact, brown, or brownish red, heavy, with spots and 
specks of dark green. This spreads wider and is to be seen at 
other points back of Duluth, yet appears rather to be in patches, 
or in veins in other rock. At Newson's quarry a similar red rock 
penetrates the gray rock in seams, and occupies a larger area in the 
lower part of the quarry.* 

4. A light colored, weathered, fine-grained rock, having specks 
of green and red, a cementing material for rounded masses of No. 
1, showing sometimes a stratification dipping S. E. at an angle of 
perhaps 10 degrees: near the depot. This rock where stratified, 
and nearly free from masses of No. 1 , has been quarried for rough 
walls. 

4. A. Rock like No. 4, but coarser and more crystalline, that 
weathers out, in rounded masses, as if a conglomerate, from No. 4. 

5. Occurs at the St. Paul & Duluth depot, about 20 rods from 
No. 4 A. It is a coarser form of No. 1, with more magnenite, and 
occasional grains of quartz, and some that in thin section seem to 

*8ee the ADnnal Report for 1879, and the Proceedings of the American Association for 
the Adrancement of Science tor 1880 for a discussion of the relations of these rocks. 
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be orthoclase. This rock probably resulted from the complete fu- 
sion of the sedimentary beds and this mixture with the molten 
rock passing over and through them, as it contains some of the 
ingredients of both. 

6. Dark green, heavy, homogeneous rock, coarsely crystalline^ 
near the Bay in front of the Clark House, Duluth ; immediately 
adjoining No. 43, and apparantly overlain by it ; a wide dyke ; 
west of Minnesota Point. Coarsely crystalline ; consists essentially 
of a triclinic feldspar, augite, magnetite and chlorite (or viridite). 

6. A. A dark-green rock finer in texture than No. 6. An ex- 
tensive outcrop occurs beside the R. R. at Duluth, probable equiva- 
lent of 43. 

6. B. Almost identical with 6 A, Duluth. 

6. C. Fine, dark-green rock, quite amygdaloidal and porphyr- 
itic, Duluth, foot of Lake avenue. The amygdules are probably 
zeolitic, appearing radiated like laumontite. The red spots are 
stained by ferrite, and seem to be in the form of imperfect felsite. 

7. Brownish-red rock, fine-grained, allied to the *'red granite" of 
No. 1 B, and No. 3 ; belongs to the metamorphic series. Between 
2d and 3d, Avenues, close to the water; underlies immediately No. 
7 A: probably equivalent to No. 42, dip E. 18 ® . 

7. A. Nearly black, amygdaloidal, metamorphic, a short dis- 
tance from No. 7; has green mineral in cavities. 

7. B. Brown, porous rock, filled with concretions and amyg- 
dules ; wrought in the alley between 1st and Superior streets, and 
4th and 5th avenues, East. 

7. C. Coarse and dark-colored, separated from 7 A, by a joint ; 
a dyke ; equivalent of No. 47; roughly in line of bearing with No. 
6. 

7. BC. Contact rock between 7 B and 7 C. 

7. D. From the dyke running toward Minnesota point; fine- 
grained; 6 ft. wide: has been reduced by quarrying. 

8. Dark-colored, fine-grained, ground-mass carrying indistinct 
feldspar crystals porphyritically ; separated near the wall of eon- 
tact of No. 6. 

8 A. Inclusion in No. 8; very fine-grained, gray rock; in thin 
section shows very fine crystals of a red feldspar, probably ortho- 
clase, like the red feldspar in 8 B and 8 C ; but mainly an amor- 
phous felsitic mass with many inclusions. 
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8 B. Shows the flesh-red color of the feldspar crystals, which 
have the outward character of orthoclase, the groundmass being 
made up of changed feldspar, magnetite, haematite, chlorite and 
other minute grains; plainly a rock resulting from metamorphism 
of sedimentary beds. 

8 C. From a dike in No. 8, or what has the aspect of a 
dike, but having the characters of No. 8, both apparent and micro- 
scopic. 

9. Amygdaloidal, porphyritic, metamorphic. 

10. Reddish amygdaloid, but has cavities lined with green 
crystals like epidote, lies over No. 11. 

11. Finely porphyritic and amygdaloidal; dark green, with 
flesh-red feldspar crystals; east of the elevator. 

11 A. From a vein running in 11; nearly epidotic; but some- 
times also with a little quartz. 

(No. 11 is mainly a massive homogeneous rock, but in som 
places finely jointed, so that under the weather it parts into 
numerous angular blocks. In it are veins (near its eastern ex- 
tension) that seem to cause a greater abundance of the red feld- 
spar crystals in the mass of rock adjoining on either side; and also 
in the veins themselves are sometimes, besides the green rock mar 
terial, a white quartz, and a red quartzyte or jasper that has some- 
what the appearance of the red feldspai* crystals.) 

11 B. From No. 11. Taken from a geodic cluster of various 
minerals mainly laumontite. This cluster is 14 feet long and 7 
broad. There are others larger. No. 11 extends along the shore 
about 800 feet. 

12. Finely jointed, amygdaloidal, red, metamorphic shale, con- 
taining various minerals in nodules and lining cavities, extending 
49 paces along the shore, east of No. 11. 

12 A. White nodule from No. 12. 

13. Semi-crystalline, hardened red shale, with a feldspathic 
base, breaking conchoidally. On weathering it shows a laminated 
or slaty structure dipping E. 15®. In other places it is a lumpy 
amygdaloid with epidotic spots and veinings; 54 paces. 

13 A. A more homogeneous layer of No. 13 overlying 13. It 
is slightly amygdaloidal and porphyritic: has a brown color and 
close tough texture. 

13 B. Is a still more aluminous layer of No. 13; has' a fragile 
almost fissile structure, and a green color. It is also amygdaloidal. 

14. A dyke, breaking through No. 13, running W, 10® N. 
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15. From a dyke 15 feet wide, running N. 25® W. accompanied 
by some fine pjrrite and some calcite. 

15 A. From the west side of this dyke. 

16. Modification of 13 and 13 A, extending, (next east of the 
brewery) 126 feet. P 

17. Metamorphosed brown sandrock, having a dip 43® E; slaty 
when weathered; extends 20 feet. 

18. Firm, rusty-green rock, finely amygdaloidal and compact, 
in places appearing massive or with remote joints, and in others 
being weathered so as to crumble coarsely like a hardened lamin- 
ated shale ; over this comes down a little creek, extends nearly in- 
to the bite of the next little bay, perhaps 300 feet, and before it is 
discontinued it becomes more broken and am y gdaloidal, the change 
coming on imperceptibly. The dip at the last is 26 ® E. 

18. A. From laminatonis of light-green mineral in No. 18, 
embracing calcite and a waxy, honey-yellow, garnet. In the cal- 
cite are needles of apatite and in the garnet is actinolite. 

19. Rock similar to No. 13 A., fine-grained, light, reddish- 
brown rock, compact, scare ely amygdaloidal, weathering out in 
small, angular, blocks, as if it had been a shale. It has scattered 
green, amygdules and some red feldspar crystals. This suddenly 
replaces No. 18 on the east and extends about 200 feet. 

19. A. From a large concretion of green mineral and calcite 
in No. 19. 

20. A tougher condition of No. 19; harsh, porous and amyg- 
daloidal. Embraces angular masses of No. 21, and extends about 
40 feet. 

20. A. Fine, shaly mass, embraced in No. 20. 

21. Laminated, fine-grained, jointed, metamorphic shale, ex- 
tends perhaps 15 feet, overlying No. 20. 

22. A fine, green amygdaloid, very much like No. 18, overlying 
No. 21. This extends to the prominent dyke that rises about 12 ft. 
perpendicularly from the lake water, forming a small promontory 
— perhaps 300 feet. In this are crumbling spots of green rock 
containing hard lumps that are more silicious and crystalline. 
These lumps sometimes embrace chert, or light jasper, garnet and 
calcite. 

23. Is from the dyke above mentioned; fine doleryte, basaltic, 

15 feet wide, and has a direction N. S. 

24. Reddish-brown sandrock, metamorphosed, but having thin 
laminations of green. It is also coarser than No. 17, dip. E. 35 ® — 
40®. Extends 50 feet. ^ ^ 
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25. Fragile, green amygdaloid, weathering and rusting to a 
brownish-red: seen about twenty feet to the east of No. 24, extend- 
ing 100 feet. Then comes a rocky point near Ihe fishery, which 
is — ▼ 

26. Somewhat porphyritic, with flesh-red feldspar crystals, fine- 
grained, compact, weathering green, having seams of white quartz 
running at angles with each other. 

27. From a dyke in No. 26 which exhibits a curious change of 
direction. It leaves the lake in a direction E. and W., but on as- 
cending the rocky blufif it immediately changes to W. 15 ® S. It 
runs so about eight feet and shifts again to nearly W. The rock 
on the east side of the dyke is the same as No. 26, and extends to 
the point on which is a fishery. This is number 

28. Heavy bedded, bluish-gray, becoming brownish, compact, 
fine-grained, very firm, much like the rock of No. 27, extending 
with evident bedded dip about 300 feet, passing under No. 29. 

29. Crumbling, light-brown rock, containing much of the 
green mineral so common in these beds, in the veinings and inter- 
laminations. Its upper portion is of a light-green color; a meta- 
morphic shale, about 5 feet thick, dip 10® E. 

30. Red or brown, metamorphic shale or sandstone, dipping 
12^® N. 30® E.; varying from a brownish siliceous sandrock to one 
that is greenish and aluminous; unconformable bedding in this rock, 
probably shows different epochs separated by igneous outflow i* 
other places; one part dips but little and the other dips E. 30® 
S., and in amount about 15 or 20 degrees. Extends 400 feet to 
Mailman's dyke. 

31. Fine doleryte, from Mailman's dyke. 

32. Hard, black, much like the rock of No. 31, but passes up- 
wardly but few feet (3 or 4), gradually losing its firm and hard nan 
ture, as well as its color, and becoming in the bluff (which is 25 
feet high) reddish brown, and breaking into angular blocks of a 
few inches under the action of the weather; taken near the water 
on the east side of a fault. 

32. A. Taken from 32, near the top of of the bluff, a weathered 
modification of No. 32. 

32. B. From green seams in No. 32. 
* 33. About 60 feet east of No. 32 is another fault, and this 
number is from the amygdaloid on the east of this fault near the 
lake level; massive and roughly concretionary. 
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33 A. No. 33 is less amygdaloidal, more dense and firm in the 
npper part, with patches of fragile, closely jointed rock, like an 
indurated shale, from which this is taken. 

33. B. Taken from the stratigi-aphical equivalent, in the exten- 
sion of No. 33 A, showing a changed condition, but one which is 
gradual in the nature of the metamorphism, dip remaining easterly 
13®— extent 30 feet. 

34. Overlies No. 33 B, and is about 15 ft. thick, the two pass- 
ing gradually into each other accross the bedding. This is a beau- 
tifully specked and spotted amygdaloid, some of the concretions 
being white, (^ to 1 in. across), some red (J to J in.) some green 
(J in.) and some with a red center enclosed in a green coating. 

34. A. Concretions from 34. 

35. Is about 12 ft. thick, a hard reddish, imperfect amygdaloid^ 
with numerous natural seams, which serve as joints and cause it 
to part under the hammer in small pieces without showing a fresh 
fracture, just west of the mouth of Kin-i-chi-ga-quag creek (or 
Chester creek, as it is generally named now). 

36. Like No. 18, is a hard gray, or brownish-gray, fine-grained^ 
tough rock, very much like some igneous rock ; yet its extent, dip 
and position mark it a sedimentary rock, though it shows no sedi- 
mentary bedding: at the mouth of Kinichigaquag creek, on the 
west side. 

36. A. Amygdaloidal porous condition of No. 36, having an 
abundant green material, from the upper portion of the bluflF im- 
mediately west of the creek. This porous condition occurs in lay- 
ers or belts in No. 36. 

37. Rock immediately east of the creek, standing up like a 
dyke, compact, fine, basaltiform with some large geodic concre- 
tions ; continuing E. to a real dyke 18 feet wide ; pyritif erous, ex- 
tending about 4 rods. 

37. A. Calcite from a concretion in No. 87. 

38. From the large dyke, 18 feet wide, running N. and S; 
greenish-black, finely crystalline: hangs to the E. 10"^. The rock 
to the west of this dyke has assumed the character of a dyke-rock, 
very much ; but this is not the case on the east side. 

39. Rock next east of the above dyke; a breccia, with pyrites; 
extent 35 ft. dip E. 

40. Hard firm beds next east; like the dyke-like beds on the 
west of the dyke; having at first a general dip E., but showing no 
regularity of dip; having rather contorted and confused bedding as 
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if the layers of the sedimentary strata had been plastic and molded 
on themselves. These characters on the face of the rock are 
brought out particularly on the smoothed and glaciated surfaces. 
Sometimes there appears also a rude concretionary structure per- 
vating the mass. The layers of contorted bedding are thin, or 
about ^ to 1 in. thick, and are sometimes perpendicular and trans- 
verse, and sometimes project irregularly above each other as they 
are hard or soft. On freshly broken surfaces this contorted bed- 
ding is evinced by bands of different color, some of them being 
greenish, and some brown, and some nearly black: but yet the 
whole is fine-grained, compact, and of a dark gray color, or bluish- 
gray color. This changes in its passage across a little bay, and be- 
comes like No. 35, when it is suddenly replaced by number 

41. A heavy-dark, green, or grayish-green, basaltiform rock ; 
crystalline, neither porphyritic nor amygdaloidal, nor showing se- 
dimentary structure. The columns tip about ten degrees from 
perpendicular toward the N. E.; varies from a texture like that of 
No. 7 C. to a finer grain, much like 43 ; an igneous overflow ; ad- 
jKins No. 50 on the E. 

42. Reddish-brown, metamorphic rock, rising above the clay 
like a ''sheeps' back," four blocks north of the depot at Duluth; 
imperfectly porphyritic with fine crystals of flesh-red feldspar, 
and of a dark green mineral; probably the same as No. 7, There 
is a succession of such exposures on the hillslope running through 
Duluth northeastwardly. 

42. A. A concretion from No. 42. 

43. Compact, bluish, firm beds in outcrop on the hillslope 
back from the base of Minnesota Point, in front of the engine 
house. Width and form of this rock cannot be made out. Fine- 
ly porphyritic with red feldspar in some places and is coarsely 
jointed. Apparently has a dip E. 30 ® N. Surface rounded over 
by glaciation; the equivalent of 6 A. 

43. A. Porphjrritic portion of 43. 

44. From top of the hill at the head of Ist Avenue E., very 
fine-grained, black, like diabase. 

44. * Hard, compact, fine-grained, from top of Kinichigaquag 
Falls; the extension of No. 43. 

45. From a ravine, between No. 44 and No. 1 B, on the hill; 
brownish-red, fine-grained rock; a form of No. 3 and 1 B. 

45. * Foot of Chester Creek Falls, similar to No. 44 ^ but having 
a little scattered mottling of red, as of feldspar. 
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46. Sedimentary rock metamorphosed to red porphyry; from 
Brewery Creek, Duluth. 

46. * From the Weller farm road, back of Duluth, south side 
of the hill, showing the contact between the "red granite" of No. 
1 B., of the metamorphic series, and No. 1 of the igneous rocks. 

47. From an outcrop of No. 7 C, on Superior st. 

48. From 2nd st., cor. 4th Av. E., close-grained and firm, hard, 
bluish-gray to black, heavy, not visiWy amygdaloidal, but finely 
porphyritic. This runs from in front of C. MarkelPs house, where 
it can be seen in outcrop, under the Hayes block. It is a large 
member, at least 150 feet thick, and falls in the unseen interval 
between Nos. 7 and 6 C. 

49. Igneous rock, which seems to consist principally of Labra- 
dorite, augite and magnetite, with chlorite and ferrite as products 
of change; from behind the M. E. Church, between 2nd and 3rd 
streets, and 3rd and 4th avenues west. Hand to hand samples 
show no outward difference between this and No. 7 C, but there 
seems to be no way to stratigraghically correlate, or unite them, 
since 7 C cannot be a stratum running to No. 49, as it would g6 
above Nos. 7 and 43, and others. Yet 49 appears to dip to No. 6, 
which is roughly in line with No. 7 C, though too far north. 

50. Next east of the igneous rock of No. 41; an amygdaloidal 
breccia, with cavities, having in the main a reddish-brown color, 
but associated also with much green. This at first is so broken, 
and even columnar in some spots, with fine basaltiform columns, 
that it shows no dip, but further on, and just before reaching the 
next point, it has a marked dip E. 10® south, in amount about 18 
degrees; extent about 150 feet. 

51. From a point the next one beyond the breccia of No. 50; a 
brownish rock, resembling No. 7, much firmer than No. 60, and 
lies directly over it: disintegrates in small, angular pieces, accord- 
ing to innumerable weather-joints. Sometimes rises 12 feet per- 
pendicularly from the water; extent about 200 feet. 

52. Is produced by a gradual transition from No. 51, which it 
overlies; of three heavy beds, the lower hermetically united t© No. 
51, and passing into it. This is fine-grained, almost black, heavy 
and firm. This number has an interesting aspect. Each bed is 
finely and closely basaltiform, the basaltic columns being rather 
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layers mnning W. 10® N., and E. 10® S., from an inch to two 
inches in thickness, in a positon perpendicular to the bedding. 
They were doubtless produced by the baking effect of the next 
which comes on suddenly and in a position to immediately overlie 
52. 

53. Coarsely crystalline igneous rock, resembling Nos. 6 and 7 
C; basal tiform; an overflow, or intercalated bed in the sedimentary 
rock; overlies No. 52. 

53. A. Decomposed rock of No. 52, of a dark green color 
and velvety feel; mainly chloritic; sometimes lining cavities or 
coating joints; has an imperfect fracture like that across botryoid- 
al hsematite; hardness 2 or 2.5. 

53. B. A part of No. 53, containing some flesh-red crystals, 
making it resemble No. 5; from the longest rocky point; N. W. 
i, Sec. 24, T. 50, R. 14. 

54. From a small dyke 3i^ feet wide, associated with 
others about 40 rods E. of 53 B., cutting No. 53 in a direction N. 
5®E. Some of these dykes are narrower, and change their direc- 
tion, and sometimes ''pinch out" entirely. Where these dykes 
cut 53 it has so much of the flesh-red mineral that its prevailing 
color is brownish-red, and has been wrought for constructing the 
break-water at Duluth. In the bite of another bay near E. Du- 
luth, S. E. J, Sec. 13, is another finely basaltic narrow dyke, 4 feet 
wide, running across No. 53, the columns of basaltic structure run- 
ning directly across from side to side, perpendicularly to the walls. 
No. 53 has here a strong resemblance to No. 5, and runs under 

55. Which is from a sedimentary member of the series broken, 
ciated and bak^, dipping N. 60® E, in the bite of a little bay at 
E. Duluth, continuing ^ mile (by the coast), becoming more bro- 
ken, and slightly amygdaloidal, at the last, till the appearance of 
another bed of igneous rock. No. 55 is reddish, angularly and 
finely jointed, sometimes a jaspery rock. 

55 A. Small concretions or cavities lined with quartz in No. 55. 

56. Ferrugnious, breceiated, fine-grained, siliceous, fragile, al- 
most fissile; a condition of No. 55. 

57. Dark and heavy rock from a dyke, cutting No. 56; dyke 4 
ft. wide, running N. 5® E. 

57 A. From another dyke like No. 57, but ten feet wide, a few 
feet further E.; consistsng of a lump of calcite associated with a 
green mineral which is probably some form of chlorite, or deles- 
site, resembling the green mineral of No. 58 A, result of change 
from pyroxene or hornblende. ^ t 
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58. The red rock (No. 55) continues with slight changes, rising 
perpendicularly, sometimes 25 feet high, to and beyond the creek 
somewhat larger than Chester creek, and about 80 rods east of 
Tisher's farm house, where No. 58 appears a little west of the town 
line between ranges IB and 14 on the lake shore. This is a com- 
pact brownish-red rock with crystals of flesh-red feldspar, 15 rods. 
At Tisher's creek the beds are conglomeritic, standing vertical, the 
adjoining portions being slightly granitized. 

59. An amygdaloid similar to No. 34; small outcrop in the 
shingle of the beach, having an apparent dip W. 

60. Reddish-brown, finely crystalline, frequently jointed, hard- 
ly amydaloidai or porphyritic; from a little rocky point rising from 
the water, abreast of No. 59, with a straggling line of strike, and 
a sharp firm outline that runs nearly north inshore, having an ap- 
parent dip N. From this point as the rock composing it bears in- 
land, the shore becomes continuously rocky and high round the 
bay immediately west of London. Further east this rock becomes 
amygdaloidal in patches, and coarsely concretionary, and finally 
wholly amygdaloidal largely with white calcite. This rock further 
east where more finely broken fumLshes 

60 A. Dog-tooth crystals of calcite which occur in a finely 
jointed or brecciated condition of 60 which occurs suddenly, like a 
dyke, extending up and down across the face of the bluff. This 
breccia is about twenty feet wide, and the characters of 60 return 
on the east of it. 

60 B. Amygdaloid just west of the breccia containing 60 A. 

61. Numbers 60 and 60 B continue to within six rods of where 
the bluff in an angular massive projection overhangs the water, • 
where a change occurs, showing a dip in definite characters. This 
dipping rock is harsh, granular, resembling a grit, thinly bedded, 
grayish, weathering reddish; similar to No. 30; dip 24® N. 60® E; 
two feet thick in one lot of thin beds; metamorphic. 

62. Returns after No. 61; like No. 60, but bedded like No. 61; 
metamorphic. 

63. Overhanging rock, which toward the east becomes 
brecciated; a fine purplish amygdaloid; metamorphic; overlain by 

64. A pyritiferous, green rock, in a heavy bed three feet thick, 
which also shows calcite and fluor, and overlies 

65. Containing large calcite nodules, with chalcopyrite; evenly 
bedded; many jointed, brownish-red, forming bluflfe of 18-20 feet. 

64. A. Calcite, fluorite, and bomite, from No. 64. 

66. A. Calcite, &c., from No. 65. 
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66. A fine amygdaloid: a modification of, though probablj 
overlying No. 65. 

67. Confused, half-baked, pudding-stone-like rock, forming the 
point next west of the larger creek that comes through London; 
rather firm and of a reddish-brown color; amygdaloidal mainly; 
appearing as if a siliceous rock in masses had been embraced in it, and 
metamorphosed with it; also has lumps of shale; some of these 
weather dark-green and some purplish red, or a "fawn color," and 
some a spotted, dirty, light yellow; in it also are nests of calcite 
accompanied by fluorite. Across the point runs what has the form 
and manner of a dyke, 6 feet wide, and the above characters, par- 
ticularly the calcite-fluor nests are found in it. This dyke is of 
the darker colors and runs N. 50® W, and is amygdaloid itself, 
as if of a different age from the others. It is perpendicularly 
l>edded, the beds running in the direction of the dyke, but is less 
•durable than the rock through which it passes. No. 67 continues 
for 35 or 40 rods, and is subjected to great upheaval and flexure. 

67. A. Lump of calcite and fluor from the dyke (?) just de- 
scribed. 

68. A modified condition of No. 67 where it has been upheaved 
and flexed; thin-bedded, red or pinkish, hard, with their inter- 
laminations of a translucent mineral like that in Nos. 129 and 140. 
From near London. This translucent mineral seems to be 
adularia. 

•9. Harsh, rather fine-grained, crystalline brown rock, forming 
the point next east of the mouth of the creek, uot more than 6 
rods from it; by its position appparantly overlying the last; cut by 
a dyke. N. 5® E., 3 feet wide. 

69. A. On ea£>t the of this dyke this rock immediately becomes 
coarsely amygdaloidal, with calcite and a dark red mineral that is 
not quite so frail as laumontite, nor so light colored, but resembles 
it. No. 69 returns, making the coast, cut by occasional dykes, or 
modified and interbedded with igneous rock, and extends half way 
to Lester river. Before reaching its termination it is cut by a dyke 
6 feet wide which forms a jutting high point but few rods west of 
the east boundary of New London. This causes no apparent 
change in the formation; but at the next high rocky point the 
beds are contorted and bent in all directions, as if the overlying 
rocks had been thrust against and upon them with great violence. 
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70. The rock that overlies No. 69, perhaps the equivalent of 
64, or of a bed like it. It is a firm heavy metamorphie conglom- 
erate, and causes a prominent point or break in the direction of 
the shore line. This contains quartzyte pebbles, with calcite and 
pyrite in the interstices, dip E. 20®N.; on the W. of Lester river. 

71. One of the beds of the sedimentary formation; overlying 
No. 70; fine-grained, greenish rock having a reddish color along 
its seams. This continues but 6 or 8 rods and disappears under 
the beach, and nothing appears again till at Lester river. 

72. Brecciated granular sandrock, or quartzyte, of a light- 
brown, or reddish color, homogeneous and thinly bedded, (or was 
so), at the mouth of Lester (or Passabika) river. The amygdaloi* 
del structure does not pervade the sandrock, but it pervades the 
cement, or rock that fills the angular openings between the pieces 
of the breccia. 

72. A. Calcitic amygdaloid, the cementing material of 72. 

73. Rock from the east side, at the mouth of Passabika river. 
Fine-grained, similar to No. 71, crystalline, non-amygdaloidal, of a 
dark gray color, becoming brown along some of the joints, and in 
some large areas; Extent 1^ miles, with a low line of exposure; 
runs under No. 74. 

74. Red rock next east of No. 73, extending for some distance; 
rather coarsely granular, changed from the sedimentary beds; cut 
by a dyke 25 feet wide running N. 10® E; afterwards a breccia^ 
followed by a rock like No. 71 again. This last shades through 
various modifications into an amygdaloid, and thus continues to a 
point where some mining has been done for copper S. E. J Sec. 34. 

T 51 N. R 13 W. , 

75. Porous, almost spongy, with laumontitic amygdules; from 
No. 74. At this locality there has been an unusual disturbance of 
the beds, all of them being converted into a breccia, yet with 
enough of the original lamination preserved to show the direction 
of the strike and dip. The layers stand nearly vertical, or dip at a 
high angle to the north, with flexures, the strike being nearly east 
and west. Colors vary from a light flesh-color to a brownish-red. 
The latter color is amygdaloidal, the former is more apt to be brec- 
ciated merely, or evenly bedded, or to be spongy likethe samples 
taken. 

76. Directly lying on No. 75; resembles No. 71; interbedded 
vrith No. 75; containing laumontite amygdules, and nodules of 
calcite and fluorite; having somewhat a trappous aspect; runs 
under — * 
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77. Which is the rock wrought for copper; a coarse amygdar- 
loid with laumontite and calcite, containing some copper. 

78. Firm, brownish-red, crystalline, or sub-crystalline, like some 
other numbers, forms the bite of Crystal Bay, often bedded, much 
jointed, disintegrating and falling in large loose masses, weathering 
light red or pinkish; containing nests of calcite crystals, showing 
perfect, sometimes double, terminations; these nests are sometimes 
18 inches across, but generally less than 10. The crystals are 
impacted in a fine red clay which, with the crystals, are included in 
the cavities; the clay is laminated, and may have been infiltrated 
from above. 

78. A. Crystals from No. 78. 

79. Finely crystalline, of a brownish color, and basaltiform in 
jointing; but with this rock, which presents many characters of 
interbedded traprock, are seen also evidently metamorphosed sedi- 
mentary rocks, sometimes amygdaloidal and sometimes close and 
compact, sometimes highly tilted (generally to the east or south- 
east), and sometimes nearly horizontal; sometimes also presenting 
a false cross stratification, or false bedding, like some sandrocks. 
"Samples represent the prevailing variety of rock along the coast 
from No. 78 for a mile or more, the blufis being generally low — 
3 to 10 feet — ^with great confusion. With the various scenes of 
disturbance, upheaval and contortion along here it is impossible, 
with the various metamorphic effects, and the mingling of true 
igneous rock, to trace consecutively any formation but a few rods. 

80. Samples of prehnite and cupriferous prehnite from the 
shaft about one mile up French river. 

81. Trappous rock, dark, somewhat amygdaloidal; amygdules 
dark, or of the color of the rock. This rock decomposes 
into rounded grains or amygdules, becoming lighter colored. This 
continues to form the bed and bluffs of the creek for ^ mile or 
more, when it begins to show light amygdules ,of laumontite, of 
which 

82 is a sample, appearing much like No. 81, and is really 
only a variation of 81. The same rock (81) continues, with some 
variations, to the mine of the French River Mining Company, 
where the road from Duluth crosses the creek (sec. 18). At this 
mine the copper occurs native in the rock that seems to run 
in irregular veins and crevices in the rock No. 81, which has the 
appearance of being an igneous rock. The ore (No. 80) consists of 
a gray-colored radiated prehnite, in cavities and veins in No. 81. 
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83. Heavy gray rock with geodic cavities lined with prehnite, 
also having laumontite. 

84. Highly amygdaloidal rock from 1^ miles up French River. 
(Hall.) 

85. A coarse loose rock easily crumbling under the hammer; 
yellowish white concretions. (Hall.) 

86. Fine, hard, crystalline rock with chalcedony (?) concretions 
about two miles up French River. (Hall.) 

87. A fine dark rock with no bedded srructure, at three miles up 
French River. (Hall.) 

. 88. SW J Sec. 10, on the lake shore; from the round point 
which bounds Sucker Bay on the west. Rock similar to that at 
French River forms the coast for about J mile, having a low out- 
crop. It is gray, heavy, amygdaloidal, the amygdules being of 
nearly the same color as the body of the rock, but in some patches 
amygdaloidal with a flesh-red mineral, harder and darker than lau- 
montite, as at points west of the creek crossing sees, 9 and 10, 
sometimes thinly bedded and disintegrating. 

89. Just east of this creek the exposed rock becomes heavily 
bedded and darker. Norwood here calls it a dyke, but it seems Uf 
be rather one of the heavy massive beds of igneous overflow, simi- 
lar to those of Agate Bay; non-amygdaloidal, rather fine-grained, but 
having large geodic concretions of calcite, with an interior of lau- 
montite. The joints are lined with a mineral Norwood styled 
heulandite. See Nos. 515 and 516. 

90. From the east point of Sucker Bay, a massive, heavy- 
bedded, dark rock, sloping up from the water's edge, similar to Nos. 
1 and 49; continues to Knife River; also forms Knife Islands. 

90. A. From a conspicuous white seam or vein in No. 90, 
which strings and splits out in ascending the face of the rock 
from the water; spongy and apparently siliceous, but too soft to be 
of quartz. 

90. B. Concretions from No. 90. 

91. Rock from the east side of Knife River, passing under the 
rock of the point (No. 90); with amygdules of white minerals, some 
of which appear to be quartz, but many of them are of an amor- 
phous white mineral which on weathering is slippery, This white 
mineral is also harder in seams and in some of the amygdules. 
(Same as No. 641.) 
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91. A. Represents the harder amorphous white mineral, but 
closely mixed with the soft. 

91. B. The soft white mineral which Dr. Owen named thalite, 
placed by Dana under saponite. 

91. C. Is from a spongy mass from near the center of a large 
concretion in No. 91 , at least 3 feet in diameter, the whole con- 
cretion being at least 6 feet through; this spongy mass is largely 
made up of laumontite, and in some places it is rusty. There are 
spots in this rock (No. 91) which show clear quartz crystals, form- 
ing the nuclei of the amygdules, especially where the concretions 
are about | inch or an inch in diameter, with the amorphous white 
mineral surrounding them; crystallized in these concretions are 
also found calcite and laumontite. This passage from quartz (in 
the centre) through amorphous hard mineral (opal ?) to saponite 
suggests a posible origin for agates; viz: the dissolution of sapon- 
ite and its losing A2I O3 and MgO, leaving the Si02 to crystalizein 
the centre. This 91 B (thalite of Owen) makes the main material 
in the amygdules of the amygdaloid J mile, east of Knife River, 
and as they are soft and weather out, the rock easily disintegrates. 
It is found also in veins and seams and in angular crevices. 

92. Laumontitic amygdules, from about half-way between Enife 
River and Agate Bay. The rock No. 91 becomes more and more 
charged with laumontite in passing toward the east. In patches, 
and in some of the irregular beds of the rock, which is tipped and 
twisted in opposite directions, but mainly dips toward the lake, 
this laumontite is so abundant that the rock easily weathers to 
pieces. It there also is thinner and more regularly bedded, and 
forms the re-entrant angles of the coast, the "points" being formed 
by the more firm heavy-bedded trappous-looking portions of the 
series; when near the water-line these soft patches cause purgato- 
ries. These two variations cause a jagged, though nearly straight, 
coast-line for three or four, or more, miles from Knife River, in 
some places the rock rising about 30 ft. perpendicularly from the 
water. This even-bedded rock, with much laumontite, seems to be 
that which Norwood styled "volcanic grit," and on the southern 
shore is styled "ash-beds" by the miners. The "dykes" which 
Norwood mentions must be the firmer, broad patches and bedded 
sheets of more trap-like rock which occur in connection with the 
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amygdaloids just mentioned. There is no regularity, however, in 
the occurrence of these places. While this laumontite increases in 
quantity the thalite disappears. With the laumontite is crystal- 
lized calcite so that nearly half of the white masses that blotch 
the blu% is often calcite. 

93. From the firm, heavy, trappous beds, non-laumontitic, oc- 
curring as above with No. 92. At the point at which the samples 
are obtained (Sec. 10, T. 52, R. 11), the trappean bed, 7 ft. thick 
forms the height of the bluff, within a narrow bay, but overlies a 
bed of six feet of very laumoutitic amygdaloid, which is also brec- 
ciated; under that (9 ft. to the water) is a rock that has an outward 
resemblance to No. 91, but has less of thalite and more laumontite. 

93. A. The lower rock, last mentioned, with green (chloritic?) 
amygdules. 

Through section 11, where a number of creeks come in, the 
shore is made of red clay, with a stony beach. The last rock seen 
is a low exposure of No. 91. 

The west coast of Agate Bay is made up of a number of alterna- 
tions of agatiferous, heavy beds of igneous origin, rather fine- 
grained, and layer^ of soft laumontitic, thinly-bedded amygdaloid, 
styled volcanic grit by Norwood. For some distance after round- 
ing the point the coast-line is made, as noted, by a sloping rock- 
surface that rises directly from the water, the waves washing over 
a broad surface. This is taken for an igneous rock, but occasion- 
ally, before it breaks up, on entering the bay further, the overly- 
ing bed of laumontitic layers may be seen slightly under the soil, 
and tree-roots, or forming a continuous line of outcrop. The dip 
slightly changes in rounding the west point of Agate Bay so that 
in passing along the heach, in either direction from the long 
smooth rock-beach, one steps on lower layers. Within the bay the 
dip is nearlv east. On the point, where first exposed, the dip is 
nearly south. Further within the bay other beds of alternating 
trap and amygdaloid are found to enter the coast-line, there beinij^ 
no less than five alternations which are numbered from above, be- 
low as follows, in the samples collected. These beds vary from 
eight to fifteen feet thick. 

94. Trap; from the top of the bluff. Agate Bay. 

95. Amygdaloid, underlying No. 94. 

96. Trap, underlying No. 95. 

97. Amygdaloid, underlying No. 96. 

98. Trap, underlying No. 97. 
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99. Amygdaloid, underlying No. 98. 

100. Trap, underlying No. 99. 

101. Amygdaloid, underlying No. 100. 

102. Trap, underlying No. 101. 

103. Agates, veinstones, geodes, &c, from the layers at Agate 
Bay. 

The point between Agate and Burlington bays is made by a suc- 
cession of seven layers of traprock, alternating with loose, some- 
times brecciated, amygdaloidal layers, while five are seen in rounding 
the corresponding point on the west side of Agate Bay; the firmer 
beds forming sharp rocky points, and the 'amygdaloid occupying 
the inward angles. They are each 10-15 feet thick and dip east- 
wardly, as on the west of Agate Bay. These cannot be distin- 
guished from those already enumerated on the west side of Agate 
Bay. Burlington Bay is structurally a repetition of Agate Bay, 
whether by the same beds or not is uncertain, but quite possible; 
the general dip of the beds being toward the lake, about both bays, 
particularly on the westerly sides where, by the operation of high 
seas and winds, the rocks have suffered greatest degredation. The 
eastern shores of these bays are mostly made of pebbles and debris, 
and are low; yet it seems as if the rocky substructure were the 
governing cause of their westerly slopes. Hence these bays are 
due to a sort of trough-like downward sweep of the layers of trap 
and amygdaloid^ within the bays, and the points to a similar up- 
ward sweep, the greater rock exposure on their westerly coasts be- 
ing due to the greater erosion on eastward facing shores. The 
eastern shore of Burlington Bay, and the point, are constructed in 
the same way of alternating layers of soft and hard rock, the whole 
more or leas igneous or vesicular. Near the extremity of the point 
is a remarkable instance of a heavy trap bed supported on but- 
tresses of softer amygdaloid which separate deep and dark purga- 
tories to the number of thirteen. The trap bed, which lies like 
the superstructure of a bridge on piers, is about ten feet thick, and 
the whole rises 25 or thirty feet towards the west, but descends 
gradually to the lake level towards the east. 

104. Seems to be what Norwood styled heulandite, from the 
igneous layer that lies along the lake level at the great bridge, be- 
low the amygdaloid. 
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The bay next east of Burlington Bay is also made up along its 
western coast of a succession of heavy, dark, igneous beds, alter- 
nating with soft amygdaloids, the number of the former being four 
or five. 

105. Sec. 22, T. 53, R. 10. The point on the coast here just 
E. of Silver Cr. is high and rocky, with mixed dark heavy rock 
and amygdaloid, as if from a conglomerate, rising about thirty 
feet perpendicularly from the water, and particularly on the east- 
em side. Along Sec. 21 the coast is low and rocky, with tri^ and 
amygdaloid, dipping generally into the lake, but through Sec. 2& 
it is mainly a shingle beach. The hill on Sec. 15 is abruptly 
elevated, facing the lake, (See 639) and caused by mixed trap and 
amygdaloid. It rises perhaps 250 feet above the lake, and further 
back about 400 feet, the top being of heavy basaltic doleryte* 
The whole coast line of Sec. 15 is high and rocky with this num- 
ber — alternating or mixed amygdaloid and trap, with purgatories 
in the former. Sec. 11 is mainly a sand beach, with no rock, or 
only a single low rocky point, j^ mile west of Encampment River. 
This sandy beach continues to the middle of the coast line that is 
in Sec. 12, when trap and amygdaloid return, extending about ten 
rods after which appears the next. 

106. A heavy, coarsely-jointed, coarse-grained rock, of which 
Encampment Island is composed, a truly igneous rock, in which 
the augite (?) shows metalloidal surfaces resembling bronzite. 
This also contains what is taken provisionally for the unindivid- 
ualized inagma, as well as plagioclose, magnetite, apatite and de- 
lessite, (same as 638). This rock also has concretionary or geodic 
nests of light-colored mineral resembling quartz or chaJcedony. 

107. From the point directly opposite the island. It is heavy^ 
dark-colored, massive, but basal tiform, overlying a red amygdaloid 
which lies on a rock like that of Two Harbors. This rock seems 
to be an extension of the rock of Encampment Island, and the 
equivalent of No. 639. 

108. Heavy trap, showing small grains or films of native cop- 
per, from the high bluff af the mouth of Gooseberry river. (See 
Nos. 517 and 518). 

109. Trap from the falls of the Gooseberry river. S. W. J 
Sec. 22, T. 54.9 

109. A. Thalite &c.. Falls of the Gooseberry. 

110. Reddish, finely-jointed, and crumbling into many small, 
angular pieces, that on the beach are firm, red, and abundantly strewn 
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of Gooseberry river. This rock, which is seen about on Sec. 12, T. 
54.9, is like that at Crystal Bay, which furnishes the calcites. The 
for some miles west, even making the red beach at the mouth 
bluff here gradually rises from the level of the lake at its western 
end, with a dip (?) almost perpendicular, but toward the west. In 
passing along 20 rods it gets horizontal, and even runs the other 
way, at an angle of 25 degrees. The perpendicular bluff rises 40 
feet in its horizontal parts, and where the dip becomes 20® E. it is 
somewhat higher, continuing altogether about 40 rods. (V. 520.) 

Nearly opposite this bluff is a rocky trap island in which are nu- 
merous concretionary masses which themselves are mainly of the 
same rock, S-and 4 feet in diameter, and also many nodules of quartz,, 
some of them being a foot or more in diameter. They are geodic 
and sometimes amethystine or agate-like. This trap is finely amyg- 
daloidal in some places, but generally heavy, compact, and dark- 
colored; the two characters being disseminated so as to be irregu- 
larly mixed, one surrounding the other as if in concretions, or as if 
one had been cemented in the other as a matrix. This rook can be 
traced in the shallow water, directly under the rock of No. 110, up 
to the foot of the bluff on the mainland. There are here strictly 
two small islands separated by a narrow shallow channel. The 
rock of these islands, and the beds of the coast west of the rock 
of No. 110, rise toward the west so as to form the high land and 
bluff at Gooseberry River from which was obtained No. 108. 

Ill A. Heavy compact trap. Sec. 7, T. 54, R. 8. 

111 B. Amygdaloidal trap. Sec. 7, T. 54, R. 8. 

These are from the west side of a little bay in Sec. 7, one show- 
ing 10 feet and the other 6 ft. They are both greenish. The 
strike is nearly northward ;and northeastward, but forms the coast- 
line for J mile, No. Ill B, gradually rising to a thickness of 
nearly 15 feet, when it passes inland as the coast-line, made of 
shingle, sweeps more eastwardly toward the mouth of Splitrock? 
River. 

112. Dark basaltic trap, holding masses of No. 113, from Split- 
rock Point. (V. 524.) 

112 A. Vein rock, and calcite and stilbite (?)from a vein in 
No. 112. 

113. Feldspar rock, probably labradorite, from the masses in- 
cluded in dark trap at Splitrock Point. 
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The west side of Splitrock River, at its entrance to the lake, is 
low, but the east side, or northeasterly, is high, and formed of a 
basaltic bluiFof rock like No. 112, which appears on the immediate 
coast at a short distance east of the river. It there embraces a 
large block of a whitish-looking rock^ which at a distance appears 
to be granite, but which in reality is what has been described by 
Norwood as feldspar (No. 113), protruding through greenstone. 
This does stand up like a dyke, but is in reality older than the trap, 
and occurs generally further inland, forming hills several hund)red 
feet high. This bluflf rises sheer from the water 136 feet, and has 
basaltic dark trap on each side of it, the rock itself being massive. 
On the east of this high rock the trap shows included masses of the 
same rock, a fact which Norwood mentions, but yet speaks of the 
feldspar as a protruded mass of later date than the trap. On the 
west of the. large feldspar mass is a vein in No. 112 eighteen 
inches wide, mostly now consisting of calcite (112 A), with coat- 
ing of stilbite next the walls. (V. 522, 523, 524.) 

114. Massive dark doleryte, occurring under the feldspar mass, 
and to the east of it. (Hall.) 

115. Massive dark rock holding feldspar blocks. (Hall.) 
115. A. Feldspar found in No. 115. (Hall.) 

115. B. Vein running through the rock No. 115. (Hall.) 

On east of Castle Danger (No. 113) there is a huge pudding 
stone of trap and feldspar for a short distance, and then under it is 
a short exposure of rock No. 110, just as the bay begins, which on 
the opposite si(Je of the bay, east of Splitrock Point, appears again 
at the foot of a high bluflf of feldspar rock which stands a little 
inland. Compare No.'s 522 and 523. 

116. Rock on next bluflf below the feldspar rock, and resem- 
bling rock 115. Point rises high, and is basaltic in structure; 
about half way between Splitrock Point and Tw<> Harbor Bay. 
^here is a conspicuous basaltiform layering on the east side of 
this point which slopes eastwardly. 

117. The Two Harbor rock; a heavy fine-grained compact, 
brownish-black, bedded rock dipping eastwardly; in some places 
coarsely crystalline and reddish, containing small quartz geodes 
and crystals; these red parts sometimes cross the mass in the form 
of veins. In order of stratification this underlies the rock of No. 
116, but is separated from it by Nos. 522 and 523, the stratigraphi- 
cal equivalents of rock 520 and 110. It is one of the sedimen- 
taries. 
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118. Crystalline igneous rock, of coarse texture, from the coni- 
cal hill at the head of Two Harbor Bay. 

The point that encloses the east side of Two Harbor Bay is a 
repetition of Castle Danger Point (or Splitrock Point), and is made 
^ in the same way of a dark basaltic doleryte and blocks of gray 
feldspar; but here the rock No. 117 can be seen lying below No. 112, 
A little east of the perpendicular part of this bluflf, yet before the 
detached masses of feldspar cease, can be seen a large smoothed sur- 
face of one of the feldspar blocks, uncovered by the falling off of 
the basaltic columns, presenting the characters of glaciation. The 
piece is 30 feet long and stands somewhat obliquely among the ba- 
saltic columns. On the main part of the striated surface the 
marks are large and wavy, and run t)bliquely upward at an angle 
of about 45®, as the surface slopes. The whole contour of the 
wall which is exposed over 20^eet of height, and ten or fifteen in 
width, is exactly that of the glaciated surfaces, being smoothed 
and marked transverse to the coarse jointing of the block, the face 
being toward the S. W. The striations and the whole smoothed 
surface run continuously directly under the basaltic columns of 
the trap that still stand in their places. If these be glacial marks, 
they furnish evidence of a post glacial, or an interglacial, igneous 
outflow. Still the marks can be accounted for, perhaps, by refer- 
ing them to the slow action of the weather under the pressure of 
the slowly disintegrating basaltic trap. As the several columns 
became loose, but did not fall into the lake, their pressure, by 
gravitation, on a sloping hard surface, with alternate freezing and 
thawing, might so raise and lower them as to cause them to ope- 
rate as slowly moving boulders frozen in a glacier. 

119. At the next high point, about half a mile, the rock is red- 
dish and basaltic, being like the red granite at Beaver Bay; with a 
couple of narrow dykes, closely resembling the red parts of No. 
117. The dykes are compact and green. Immediately east of 
this, which rises about 50 feet, the latter, green trap, more coarsely 
grained, returns, in the form of a dyke at first, but soon as heavy 
beds of basalt, forming high shores, for f mile; thence eastward to 
Beaver Bay the same rock forms the coast-line. This point (119) 
is composed of a sudden upheaval and metamorphism of both the 
rock of No. 110 and No. 117, the latter being basaltic and making 
the promontory point. It is red. The cause of the upheaval is 
seen immediately on the east of the point in the outburst of heavy 
drak trap which runs along and rises perpendicular about 30 feet 

— 60 feet at the next point, and appears gray. This igneous rock 
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extends, in the form of a dyke, or overflow, toward the north and 
northeast, forming a range of lakeward sloping hills running back 
of Beaver Bay and supplies the iron-sand of Black Beach, three 
miles west of Beaver Bay. At Beaver Bay Point it embraces 
masses of feldspar rock again, and is suddenly replaced by a high 
and semi-basaltic promontory of red rock (No. 526.) 

120. Feldspar rock, Beaver Bay. Resembles No. 1. (See 627.) 

121. Coarsely crystalline rock from W. side of second small 
bay above Beaver Bay entrance. (Hall.) 

122. A ^ ^greenstone f^ columnar, and on inside and east side of 
same bay as No. 121. (Hall.) 

123. Resembling No. 116 from bluflf east of Castle Danger^ 
(Hall.) 

123. A. Block lying within No. 123 (Hall.) See 637. 

124. Brownish rock forming the bluflf at Beaver Bay entrance, 
on the west side (Hall); much jointed, semi-basaltic, supposed to be 
the equivalent of No. 119 (V. No. 526.) 

124. A. Dyke-rock, within 124. (Hall.) 

125. S. E. i Sec. 2, T. 55, R. 8. Soft, reddish, amygdaloidal; 
explored for copper. Several test-holes and surface trenches have 
been dug on various sides of a conical hill made up of alternating 
layers of reddish brown firm rock (trap?) and soft amygdaloid^ 
very much like the layers that form the hill west of Agate Bay. 
This amyglaloid is so soft when wet, and so fragile when dry that 
it can be crushed in the hands. It has a soapy feel, and a dull red 
color. 

126. This rock, which furnishes by its disintegration the black 
sand at Black Beach, a few miles west of Beaver Bay, is found 
in places about ^ mile up the creek that enters the lake there, near 
the center of Sec. 22, T. 55, R. 8. It seems to consist of plagio- 
clase (labradorite?) hypersthene and magnetite essentially, making 
the rock hyperyte, according to Dana's Mineralogy p. 210. The 
metalloidal surfaces of the crystals in this rock resemble those of 
the rock of Encampment Island. 

127. From near the mouth of the river at Beaver Bay. A 
metamorphic rock presenting another condition of No. 124; fre- 
quently jointed, breaking so easily along predetermined planes 
that it falls, under the hammer, into small fragments, making it 
diflBcult to get a fresh fracture. In the main it is slaty, but its 
texture is tough and its exterior is angular. It is ashen-gray, but 
has, between the laminations thinner lighter laminations of appar- 
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ently siliceous matter; suddenly rises in a knob and disappears 
under the drift. In color, structure and texture this differs from 
any rock before seen on the shore. It rises about 60 feet and ex- 
tends about 120 feet. Microscopically it appears to consist of 
quartz in fine grains, in a non-crystalline base. It extends more 
or less back from the mouth of the creek, toward the west, and 
appears slightly on the other side of the creek. (V. 528) 

128. Feldspar crystals, weathered out of masses embraced in a 
crumbling doleryte, just north of the mouth of Beaver Creek. 
These feldspar masses lie within 15 feet of another outcrop of 
upheaved rock like No. 127, viz: 

129. Similar to 127, but porphyritic with orthoclase, and translu- 
cent grains like adularia, thus resembling the rocks 68 and 140; an 
isolated buttress 55 feet wide and 25 feet high. This outcrop has no* 
evenly laminated arrangement, but is frequently jointed and easily 
falls to pieces. It seems to be highly tilted in the form of a bed 
toward the south, and lies on the next, with an angle of 80 de- 
grees. Occurs a short distance northeast of the mouth of Beaver 
Creek. 

130. Finely siliceous, quartzyte, dark brown, a bed lying under 
No. 129, suddenly thrust upward, and presenting somewhat the- 

•outward form of a dyke. 

131. Finely crystalline, of a bluish gray color or nearly black;, 
from a point 6 rods further along (N. E.) in Beaver Bay, which 
embraces masses of feldspar; probably of the igneous series. This 
rock cannot here be said to embrace the feldspar, but the overlying^ 
trap is so mixed with feldspar pieces and is so nearly of the same- 
color and rate of disintegration that they lie confusedly together; 
and in some cases pebbles of feldspar, somewhat changed, are in 
the surface of No. 131. (See 532.) 

131. A. • Stilbite incrustations from No. 131. 

132. The green igneous rock that holds the feldspar masses, as 
in 131 ; generally basaltic. This is apparently from the same as No^ 
131, but at another point. (See 532.) 

132. A. Red patches, &c., in No. 132; apparently consisting 
largely of stilbite, of a flesh-red color, and pierced by needles of 
light green mineral, which is probably actinolite. This occurs in. 
nodules and patches, in veins and joints, going in different direc- 
tions across the face of the rock. 
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188. The coast to the first island east of Bearer Bay is made up 
of the coarse doleryte 132, and feldspar rock. The island in the 
bay is of red rock, resembling the rock in the bluff of the' west point 
of thejbay, but approaching the rock of the high palisades. This 
number resembles the 2d island (large one). It is of the feldspar 
rock, or "Rice Point granite^^ entirely. 

134. Red granite, generally basaltic in structure, but in 
places amygdaloidal and crumbling; coarse grained, from the 
8d island &om Beaver Bay. The 4th island appears to be of the 
same, but was not visited. Nearly opposite the last, but a little 
west, is a high bluff of brecciated or amygdaloidal reddish rock 
with one narrow E. and W. dyke. Another dyke forms an isolated 
ridge a few rods further eaist, rising a few feet above the water 
and running into the sand beach in the same direction. 

135. A reddish-brown breccia, sometimes amydaloidal, with 
traces of carbonate of copper (?) and numerous calcite seamings. 
From the last mentioned dyke the coast becomes jagged, rocky and 
precipitous, with frequently jpiuted, reddish-brown rock, like the 
Two Harbor rock, which sometimes becomes grayish like the slaty 
quartzyte at Beaver Bay, and this becoming brecciated and amygda- 
loidal, with purgatories, for nearly a mile. Opposite this precipitous 
line of coast is the 5th island, and No. 135 is obtained along this 
high bluff (20-60 feet). It is evident along this high bluff that the 
hard gray rock of Beaver Bay is a variation simply of the reddish- 
brown losely jointed rock, since it shows in patches, and especially in 
proximity to the E. and W. dykes; and that the fine grained, red- 
dish-brown rock, resembling some trap, as that of Two Harbor 
Bay, is altered, brecciated, and basaltified by the coarse-grained, 
igneous rock which is associated with it, the former being one of 
the sedimentay beds. Between Beaver Bay and the Great Palisades 
are numerous feldspar masses, in the coast series, and inland from 
the shore a very short distance is a range of low hills made up of 
feldspar, with traprock on their flanks. 

136. Comes from opposite the 5th island. It is a crystalline 
rock, with much green mineral; varies from dark-brown to green- 
ish and black. In close proximity to it, and at last forming the 
whole of the bluff mentioned, is a rock that is like No. 134. This 
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sometimes is bedded and slopes up from the water, at other times 
broken and basaltic, with high bluiFs. Further along the rock No. 
134 seems to be surrounded and embraced in masses in No. 136^ 
very much as the "feldspar" is embraced in No. 112, but with 
much less contrast of color. This is due simply to variation in 
the same rock. 

137. Samples shows the alternations of color between bright 
green and bright red in the rock No. 136. The green tint is 
caused by abundant chlorite. (?) The red is apparently that of a 
dark, flesh-red feldspar but also due sometimes to iron rust. 
Through them both are coarse crystals of what often appears to be 
amphibole. In the chlorite (?) are small quartz crystals with 
two perfect terminations. This is opposite the island, or about 
the center of Sec. 28, T. 56, R. 7, in a high bluflf along the. 
W. side of a little bay of which the east is of the same rock less 
high. The brightest colors and contrasts are near the water. 

138. Rock from the tip-top of the Great Palisades, 315 feet 
above the lake; a hard, reddish-brown, fine-grained rock, with 
translucent rectangular crystals; sometimes porphyritic with a 
flesh-red feldspar. 

139. So taken as to express the character of the rock of the 
bulk of the Palisades; of the same character as No. 138. 

The Palisades begin after passing the little rock-bound bay of 
No. 137. Altitude of the perpendicular bluff near the mouth of 
the Palisade Creek, 125 feet; of the Palisades near the north line 
of Sec. 28, back from the bluff 145 feet, separated from the main 
Palisades by a slight depression. Highest point on the Palisades, 
315 feet; highest perpendicular over the lake, 210 feet. 

140. This number embraces a varied lithology, taken from the 
contorted concretionary and amygdaloidal parts that lie under the 
main basaltic portions of the Palisades. It is by the easier erosion 
of this that the face of the Palisade bluff gradually recedes inland. 
As they become unsupported, column after column of the bluff 
slides down perpendicularly and generally breaks into large blocks 
which remain and make a breakwater protecting the lower beds 
from the force of the waves and ice; but sometimes they remain 
standing partially erect and unbroken, after sliding down, leaning 
against the bluff. One can now be seen so standing, about 25 feet 
lon^ . In this underlying portion there is apparent a degree of 
heat which was sufficient to fuse, or semi-fuse the material, and to 
allow of its being twisted and recurved so as to defy description. 
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Large, hardened masses or concretions occur in it; the whole of it 
contains the translucent crystals mentioned, as well as flesh-red 
feldspar. Some of it is red, some ^een, some brown, some dirty 
white or buflf; some is laminated with thin laminae of the trans- 
lucent mineral, and some is massive with a conchoidal fracture; 
the matrix of the crystals, and the parts between the translucent 
laminae are not crystalline but seem to have been perfectly molten 
once to allow for the crystals above; yet probably cooled rather 
suddenly; these laminated parts and other (brownish) streaked 
portions, appear to have been drawn out, at least the latter, in a 
streamed structure, containing less of the translucent grains and 
more quartz, which latter is clouded, under the microscope, with 
inclusions. This streaked structure is judged to be due to stream- 
ing from the occurrence of a few crystalline forms in it, which 
perhaps would not be the case if the structure were due to a pre- 
served effect of original sedimentation. 

141. Dark green igneous rock, like 112 which holds the feld- 
spar masses. This seems to lie under the Palisades, as it comes in 
at once on the coast east of Palisade Creek, the rock of the Pali- 
sades suddenly disappearing with dip toward the lake; continues to 
near Baptism River, where a coarsely jointed, brecciated, grayish- 
red laminated and finely porphyritic fine rock comes in' just before 
reaching the river, through which the river has cut a narrow pas- 
sage or gate as it enters the lake. 

142. From N. W. i of N. E. i Sec. 4, T. 56, R. 7, on Baptism 
River, 335 feet above Lake Superior; and about 30 rods above thd 
fourth falls of the river. About \ mile above this the river, and 
"the country generally, undergoes a marked change, the former be- 
coming slow and broad, and the latter level or undulating, without 
visible rock in either. The rocks here consist of alternations of 
-trap, or basalt, with amygdaloid, similar to the layers of Agate 
Bay, dipping N. W. 20®. The lower beds of basalt form shelving 
points and bars across the river, but the upper ones are in the 
bluiF on the west side, which is 36 or 50 feet high. There are at 
l^ast 16 beds of basalt, more or less distinct, but they are not so 
-thick as at Agate Bay. Here they are from 3 to 5 feet thick, and 
all dip in the same direction. The fourth fall is made by one of 
these, more coarsely crystalline than the others 

143. The doleryte that forms the fourth fall of Baptism River. 
The fall embraces the whole river in one narrow cleft, and descends 
nearly perpendicular. 
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144. The river bed is then filled with large boulders of No. 143 
for some distance, and all dip and strike are lost. The next that 
appears is a closely jointed dark rock, sometimes having red belts, 
and calcite seams, but mainly black. In this kind of rock is an 
abandoned exploration for copper, some distance above the fourth 
fall. There is also in the river bed along this place, large detached 
masses of feldspar rock. 

145. The rock of the third fall, which is the same as the Pali- 
sade rock, as it apppears on the shore below Baptism River. It is 
reddish and compact with small translucent crystals. It is some- 
what finely amygdaloidal, and weathers into rough slates, which 
are again cut by joints into lenticular pieces, that present their 
sharp comers as their neighbors fall out. These slates have a dip 
north. Indeed the rock No. 146, so far a it appears along the 
river here, has shown a dip northwardly, but only occasional ex- 
posures occur, generally low and water-covered. The rock here 
rises above the top of the falls about 30 feet, the whole height 
being 105 feet. Below this fall are large masses of feldspar rock 
loose. There is a series of amygdaloid and trap beds under the 
rock of the falls, that appear in the river about 25 rods below, 
dipping N. W., as the rock of the falls dips. The thickness and 
number of these underlying beds cannot be seen. 

146. Forms the rock of the second fall, but the fall is in two 
parts. These are simply some of the layers of the trap that belong 
to the series, but are coarser and somewhat basaltiform. The 
blocks are coarser than they are generally between the second and 
third falls, though there is not much exposure along the river. 
This fall is about 30 feet. The samples come from the top of the 
&r8t part of the fall. The beds are more compact in the lower 
portion of the fall; but all maintain the same dip, though in less 



About one-fourth mile below the second fall is a bluff along the 
right bank, rising about 80 feet, made up of layers of trap and 
amygdaloid, while the left bank is low, or gently ascending, and 
rises up as a trap layer rises in dip at an angle of 15^, the dip 
being toward the west, 15® N. This continues about J mile. The 
layer that forms the left bank, and slopes into the water is hard 
and fine-grained, but somewhat amygdaloidal in places with laumon 
iite. 
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147. Compact, but auiygdaloidal with laumontrte | mile below 
the second falls of Baptism River; from the layer sloping into the 
river, as above described. 

148. At the first fall, the dip changes from N. W. to S. or S.. 
E. This number represents the lowest bed, over which all the 
other layers seem to fall in anticlinal. Although at the brink of 
the fall there is more or less basaltiform structure, there is no ap* 
parent dyke. In spots the dip is in different directions, between 
N. W. and S. E. or S. passing through W. as if by a quaquaversal 
toss the whole had been twisted. The bluflfe are about 100 feet 
high below the fall. 

149. ACout i mile below the 1st falls is a conglomerate out- 
crop on the east bank, dipping with a synclinal lend, 10® S. by 
10® E. This is isolated from all other outcrops seen above, and 
the dip of all seen would cause this to overlie idiem if there be no 
other irregularity. The exposure runs about 12 rods, along the 
shore, but its highest point is at the upper end where about 1& 
feet can be seen. The whole of it is red, and some of it is almost 
wholly free from pebbles, so as to be a red sandstone, but the 
greater portion of it is full of pebbles. Above this point a few 
rods some sand rock pieces can be seen in the river. Some of the 
pebbles are six inches across, but generally they are smaller. 

150. Basaltic rock nearly in contact with No. 149, but so 
separated from it by debris of pebbles, etc., that its strategraphical 
relations to it cannot be seen. This is coarse doleryte. 

151. A short distance further down, a rock appears which oc* 
cupies the bed of the river at first, but gradually rises so as to form 
high blufife. It is reddish-brown, porphyritic, compact, and has trans* 
lucent crystals in form of rectangles as before mentioned, re- 
sembling the palisade rock. 

152. Finely jointed, compact, basaltic, forming a precipitous,, 
high shore on either side of the river, letting the river down to 
the lake level. This is dyke-like in character of, rock, but confused 
and brecciated in outward aspect, forming irregular knobs asd 
and escarpments. This is found after an interval of non-exposure 
in the river bed, after the last. 

153. A contorted or brecciated, slaty, closely jointed and 
laminated, reddish-brown rock, forming the "gate" by which the 
river enters the lake, rising in blufis suddenly at the lake shore 
and shutting in a bayou in the river. This is also porphyritic, and 
has translucent square crystals. There is an outcrop of the Beaver 
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Bay gray, slaty, quartzyte on the right bank below No. 161. Rock 
like No. 141 is seen first above the bayou, just below No. 152, in a 
short exposure like a dyke. 

153. In the little bay first east of Baptism river. Beds of red- 
dish-gray, slaty quartzyte, like those of No 127, cut by narrow, 
finely-jointed dykes, the upper portion being hardened and black- 
ened so as to resemble the second rock appearing up Baptism 
river (153). 

The little bay next west of the red point of rock (Palisade No. 
8), is occupied by high, rocky bluiFs, consisting of jiltemating 
amygdaloid and basalt layers, dipping N. W. The basalt beds are 
from 5 to 18 feet thick and the amygdaloid fi'om almost nothing 
to 15 feet. The basalt beds make little points, and the Jimygda- 
loids form bays with purgatories. These beds run under the rock 
of the Palisade No. 2 (No. 154), which here rises perpendicularly 
in a high wall facing south. 

154. Rock from the Palisades No. 2, a short distance east of the 
mouth of Baptism river; undistinguishable from that of the Great 
Palisades. 

This Palisade rock continues easterly with irregular dip and 
bedding, and sometimes evident jointing, 18 to 30 feet high, for 
about half a mile from this point, where a layer of dark green 
doleryte of basaltic structure, twenty feet thick, is seen crossing the 
face of the bluflF in a dip 30= E. of N. of 18^. The direction of 
the doleryte layer shows the prevailing direction of the dip of 
the rock in general, in which it is imbedded, though otherwise it 
would be only conjecturally to the northeast. Round the next 
little point come in alternations of trap and amygdaloid, as before 
described, dipping with the basalt last described. These continue 
to an exposure of conglomerate similar to that seen in Baptism 
river, dipping north at an angle of eight or ten degrees. The ex- 
posure of this conglomerate is 30 feet high. 

155. Conglomerate. This has calcite nodules, and some lau- 
montite. The stones are occasionally one foot in diameter. The 
hif^her beds come down to the beach with a low outcrop toward 
the west, but to the east the conglomerate is changed gradually 
into a reddish-brown or nearly black rock wholly metamorphosed 
and at a distance appearing firm and close-jointed like a fine dyke 
rock. Were it not for a continuance of the lines of stratification 
from the real conglomorate into this, it is hardly possible to recog- 
nize this as a conglomorate. 
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155 A. The pebbles are changed and closely cemented in the 
metamorphic parts, and only appear as blotches of dark brown 
color. The whole takes more the aspect of a fine but firm breccia • 
like others that have been seen. The cause of this hardening and 
changing of the conglomerate is a doleryte dyke 20 feet wide, im- 
mediately on the east, running a few degrees west of north. This, 
in connection with another but a few feet distant, seen after 
passing the little point, seems to have caused a fault, so that the 
conglomerate is not seen beyond them. A bold short point of 
rock, like the palisade rock, next comes in, but it seems to be cut 
off by an immense dyke that runs behind it, and perhaps is the 
main dyke, the former being branches. This is 75 or 80 feet 
wide. Then follow successive layers of trap and amygdaloid, 
with a high dip about north, repeating the phenomena already 
noted. The dip here is about 40® N. 10® E. This makes a most 
beautiful nest of pinnacles and purgatories in quick succession, as 
the basalt beds project into the lake and break down by piece- 
meal, so as to leave sharp islands and belfries standing with the 
water on all sides. After this supervenes a heavy bedded coarse 
trap, crossed soon by a dyke ; and after this a pebbly beach for 40 
rods, behind which seems to run the strike of the conglomerate, 
judging from the fragments on the shore. 

156. Then comes a massive heavy rock, with a considerable in- 
gredient of red, with jointed and contorted lamination, or in heavy 
massive beds. It has much amphibole and much magnetite. In 
other places it contains orthoclase and laumontite, the latter min- 
eral causing an easy, natural disintegration. This is terminated 
eastwardly by a doleryte dyke 50 feet wide. It seems to be partly 
derived from the igneous rocks themselves, mixed in eruption with 
fused portions of the sedimentaries. 

157. On the east of this dyke, where several veins seem to radiate 
inland, appears a light reddish hard rock, consisting largely of 
orthoclase and quartz, the former being imperfectly crystalline, 
with magnetite and red ochre in smaller quantities. This forms 
a high bluff for 10 rods, and is terminated by another dyke of 35 
feet. Two other dykes also cross this red rock. (See No. 636.) 
Then, after a short pebbly beach, alternating beds of amygdaloid 
and basalt return, dipping S. W. This is near the western side of 
the broad shallow bay, on Sec. 30, T. 57, 6, where a hill rises near 
the shore. This bay is J mile or more across, has a pebbly beach 
except at one small point near its head, where a trap, coarse and 
rough, makes a small outcrop. The point on the east of this bay 
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is of trap and amygdaloid, in irregular alternation, rising 25 feet. 
It is long in the direction of the coast line, and precipitous. (See 
No8. 630 and 631). Similar alternations of trap and amygdaloid 
(Nos. 631, 2, 3, 4, 5), with irregular bedding but nearly constant 
oatcrop, run 'along for a mile, when the beach becomes stony and 
low, with occasional exposures of dark, rough and vesicular trap, 
to Little Marais. (V. No. 158). This is a short sandy and pebbly 
beach, crossed by the entrance of two little creeks, guarded from 
the N. E. winds by a hard trap rock layer that runs out in the 
lake like a breakwater, some distance ; but toward the S. and S. W. 
it is perfectly exposed to the lake. 

158. The rock first west of Little Marais; trap and amygdaloid, 
the latter haying saponite and stilbite filling cavities, with some 
thomsonite. 

158. A. Stilbite &c., from No. 158. 

159. From the extreme east end of Little Marais bay; amyg- 
daloid that is derived from conglomerate; contains amygdules of stil- 
bite, mainly, but also saponite and calcite; having a general rusty- 
red color; underlies the next. 

160. Forms the point that protects Little Marais from the east, 
and occupying, in the form of basaltic trap, the coast for two and 
a half miles further east, rising in some places about 100 feet, the 
conglomerate sometimes rising 50 feet above the lake, making a 
bold and dangerous strip of coast for small boats. The two inter- 
lock, and blend in stratification, and the conglomeratic characters, 
particularly, become confused, and even lost, apparently passing 
into amygdaloid. They dip toward the lake in the main, but there 
are spots where the dip is invisible. These extend to and beyond 
the Manitou river (See Nos. 628 and 629). This river makes a per- 
pendicular plunge of about 20 feet just at the shore, but within a 
re-entrant angle and a narrow gorge. The river on entering the 
lake passes under an arch of confused and igneous conglomeritic rock ; 
the latter characters being also mingled with amygdaloid, suggest- 
ing that perhaps other amygdaloids are changed conglomerates or 
other sedimentary rocks. This is a beautiful little niche in the 
coast line, the roar of the falls being as loud as that of the beach, 
and not more than 50 or 60 feet distant from each other. There 
is a narrow, crooked gorge also above the falls, but the river is 
wholly invisible, a sudden jog to the west cutting oflF all vision 
above, so that the water seems to come directly from the rock 
blufi'. The lake bluff is about 65 feet high, and perpendicular from 
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the water. The overlying trap, somewhat basaltic, is about 30 feet 
thick. [V. 628.] 

To the east of Manitou river the bluflFs are not so precipitous, 
but the same rocks continue: and at the next river, where the wa- 
ter in a similar manner makes a short plunge (4 feet), directly from 
the rock into the lake, the bluffs are about half as high as at Man- 
itou river. This is on the east of Pork Bay, which has a broad, 
sandy beach. 

161. Trap from the shore at the town line betweer ranges 5 
and 6 (on sec. 36), one of the layers associated with altered con- 
glomerate in an amygdoloidal state: some having thalite and thom* 
sonite. Some has what appears like prehnite (Lintonite?) and 
some calcite. These are not easily disseminated, but often are 
found in patches or clumps closely aggregated, the rest of the rock 
having less. 

161. A. Brown, aluminous vein-rock in No. 161. These vein» 
are from two to four inches vride. 

161. B. Pebbles of thomsonite, from the top of No. 161. 

162. Amygdoloid from the same place as No. 161. 

From the last place to Sugar Loaf Point the coast is low, with 
much stony and gravelly beach, the points only being of rock: this 
rock is coarse dark trap. 

163. From Sugar Loaf Point; a small point enclosing a little 
bay and harbor on the northwest side with a sandy beach, and hav- 
ing a conspicuous tuft of trees standing isolated from the low 
shore lying next west of it. The rock is rough trap consisting of 
two sorts and dipping south 10® east, at an angle of about 12 de- 
grees. The upper part appears to be somewhat more uniform and 
basaltic, or massive, and of a greenish color, 18 feet thick. The 
lower is harder and has many concretions and amygdaloidal spots. 
These spots are in nests, the amygdules being of thomsonite 
and stilbite (?). There are perhaps of this 3 or 4 feet, but it is 
irregularly bedded, and contains pebbles as if conglomeritic. These 
pebbles and enclosed masses seem to be so thoroughly embraced in 
the rock that they were more likely to have been in the molten 
mass — semi-fused — than to have been of marine origin. The 
greenish color of the upper portion seems to come from the 
weathering of the firm trap. The upper portion also becomes 
globuliferous in disintegrating under the weather, exhibiting the 
characters that have been ascribed to melaphyre. 
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East of Sugar Loaf Point, to Two Islands, the coast is rocky 
most of the way, particularly in the western portions, with several 
short pebbly beaches. The rock is of the same sort as at the 
point, and along the beach are strewn white pebbles of thomson- 
ite, with stilbite. The coarse basalt of the point rises agaii^ im- 
mediately on the east of the bay, disclosing purgatories below it 
in the amygdaloid, the bluflF rising 25 feet, and being cut by can- 
yon-like gorges, and crossed by two or three little streams before 
reaching Two Island river. 

164. Trap rock, like No. 163, dipping toward the lake at an 
angle of about 12 degrees, between Sugar Loaf Point and Two 
Island river. 

165. From the westerly of the Two Islands. The rock rises 
about 40 feet, basal tiform, on the west side, dipping S. E., con- 
formably with the dip of the rock on the shore. The westerly is 
the larger island, 40 rods long, the other being about 20 feet high 
and 20 rods long. The rock is similar to that of No. 163. 

The Two Island river, like many others, is closed during the 
summer months by a gravely spit that turns westerly from its 
point of starting from the shore, under the action of the wind and 
waves of the lake as opposed by the current of the river. The 
drift of the beach seems always to be toward the west, and these 
spits that shut up the streams are uniformly in that direction, the 
river being continued sometimes behind the spit for several rods 
before, by entering the gravel, it is finally lost altogether. The 
coast line is hardly broken by the river, especially in the existence 
of this spit, but the valley seems to be in the eroded place of one 
of the more amygdaloidal layers of the igneous formation that 
forms the coast line. There are several falls a short distance up 
this stream, as there are up all these streams, making the north 
shore more abundant in water-power than any other part of the 
State. 

The rock of Two Island river continues to form the coast to 
€ro6s river, the shore ascending from the water with the slightly 
varying drift, from three to fifteen feet, but rarely having perpen- 
^cular walls. 

At Temperance river the same beds are cut through by the river, 
and the underlying amygdaloid allows of the sudden recession of 
the lowest rock-barrier within the line of coast, so as to form a 
small rock-bound amphitheater, rising suddenly and perpendicu- 
larly from the lake-level on all sides, forming a good harbor for 
small boats. This is entered through a little niche in the rocky 
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coast, in quiet water. The water of the river descends by a short 
plunge over the next lower layer of trap-rock directly into the 
water on a level with Lake Superior. Above the fall is a narrow 
gorge, only visible on ascending the rocks, crooked and filled with 
cascades, through which the river rushes with a rapid current, throw- 
ing a white spray on all sides. This gorge exhibits some large pot- 
holes, some also worn and brcfken, thus showing how the river has 
eaten into the rock and excavated this gorge. There is no larger 
stream between this and the St. Louis. 

Ascending the Temperance river the layers of the copper series 
can be seen constantly rising, the dip of the formation being^ 
greater than the descent of the river, so that by the time the falls 
are reached several hundred feet of thickness of beds have been 
passed over. They all have a general resemblance to themselves^ 
being a trap like Nos. 163, 4, 5, but in places, or rather in beds, 
amygdaloidal, these beds coming in with a rough alternation, but 
not with continued regularity. They may have been partly sedi- 
mentary, but they show ho outward signs of it, except, perhaps, 
this kind of stratification — which still may be due to successive 
overflows of lava. Indeed the amygdaloid beds seem to alternate 
in a manner as if a flow of lava became amygdaloided by degrees^ 
toward the upper surface, the denser portions passing upwardly 
gradually into the more open, but the open parts passing upward* 
ly suddenly to compact, non-vesicular layers. There is also a 
marking on the uper surfaces of some of the amygdaloidal beds, 
which seems to show the efl^ect of cooling from a molten condi- 
tion. These marks or wrinkles are transverse to the direction of 
the dip. They are in a finer grained rock, though on the upper sur- 
face of the amygdaloidal layers, and seem to be of the same kind of 
rock, though redder, as the amygdaloid itself. They are seen ai 
four dififerent horizons, and overlie uniformly beds of a foot or a 
foot and a half up to three feet and a half of amygdaloidal trap,, 
with which they are connected by slow changes into the same 
structure. They are themselves somewhat amygdaloidal, but vrith 
much finer and fewer amygdules. There is sometimes a thin belt, 
or interrupted stratum, of highly and coarsely vesicular and amyg- 
daloidal rock immediately under the wrinkles, which causes the 
separation of sheets of the wrinkled finer rock from the rest of the 
bed. These wrinkled surfaces, which are transverse to the sup- 
posed flow of the molten rock toward the Lake Superior basin^ 
may have been caused by the superficial cooling of a film of rock 

on the surface of the flowing lava. The lava continuing to flow — t 
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towaard the lake valley — the film was wrinkled by being obstructed 
by its own stif&iess, as cream is wrinkled transversely on the edge 
of a pan as the milk runs out below. As the liquid below moved 
on, the crust somewhat stiffened, could not so freely move, but yet 
was not hard enough to maintain its position. By friction it was 
carried on more slowly, but wrinkled transverse to the force moving 
it. The crumpled layers are about an inch thick, but sometimes 
two or three are infolded upon each other, making a crumpled lay- 
er of three or four inches. They are much finer and denser in 
grain and structure than the beds on which they lie, and are of a 
redder color. The convex sides of the wrinkles are upward. 
The trap here is all of a dark color, as distinguished from the 
red trap and laumontitic amygdaJoids, and overlies the red 
amygdaloids between here and Poplar river. The amygdules 
are calcite, stilbite, thomsonite, with chlorite in its various stages 
of change. Sometimes embraced in these wrinkled layers are 
lenticular areas or patches, ^ inch to 1^ inch thick, of a red grit, 
resembling the red sandrock with which these traps are associated; 
and within the amphitheater, near the water on the north side, is 
an irregular triangular patch of ferruginous, thinbedded shale, it- 
self amygdaloidal, lying under a layer of dark trap and over the 
beds that show these wrinkled surfaces. Five layers of alterna- 
ting trap and amygdaloid are visible between the lake and the first 
fall, somewhat less than \ mile up the river. 

166. Heavy, dark trap, forming the gate to the amphitheater 
at Temperance river, from the top of the bluff, 22-25 feet. 

167. Ochery, red, shaly beds of grit in a niche in the disturbed 
amygdaloid under the beds of No. 166, to 3 feet; with fine ar- 
gillaceous films. 

168. Amygdaloid of calcite; same as the next, but taken higher 
in the beds. 

169. Upper surface of an amygdaloid layer, rising like a dome 
near the water, exposing 3 feet. 

170. Wrinkled upper surface of an amygdaloid layer, from near 
the mouth of the river. 

171. From the lowest layer exposed at the falls, about one mile 
up Temperance river; outwardly a trap undistinguishable from all 
the rest at Temperance river. This fall is on N. W.J sec. 30 
where a little creek joins the river from the northwest. 

The gorge of this river, and the falls, taken with the cascades, 
the potholes and the rapid descent, are altogether a most remarka- 
ble combination of picturesque river erosion. They are in the 
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midst of inaccessible and wild scenery. The gorge is so narrow it 
can be stepped across, the only danger being to secure footing on 
the other side, for a failure would precipitate a man down a gorge 
from 50 to 100 feet into a foaming river. In one part of this 
gorge which is about 60 rods long, are several perpindicular falls 
of the water, some of them being into large potholes, from which 
the water whirls and plunges downward obliquely into others. 
Some of the abandoned potholes are on the rock a hundred feet 
above the water, and some are even outside the river gorge, and 
show where the river has acted formerly. 

172. About f mile below the mouth of Temperance river; from 
a layer of trap that weathers green, is irregularly bedded and in 
spots is amygdaloidal. This is a little higher than No. 166, in the 
bedding, but at points further east, and particularly at a point about 
^ mile east of Temperance river, .seems to hold large globular 
masses, as if of boulders, and at other places seems to be conglom- 
eritic in the same way. Nos. 167 and 168 become a thinly bed- 
ded amygdaloid running along the shore between No. 166 and 
No. 169. 

172. A. Slickensided stilbite, from this. 

173. N. E. Cor. Sec. 28, T. 59, 4. In a little stony bay facing 
N. E. This bay is partly shut in by a projecting trap point run- 
ning N. E., from which this number is obtained. It is an amyg- 
daloidal trap containing stilbite, thalite, calcite, with some laumon- 
tite in amygdules and in nests, and joints. The stilbite occupies 
the larger cavities, or lines them, the thalite being as filling to 
amygdules or in geodes of stilbite. The rock itself is roughly 
bedded, and dips toward the lake at an angle of about 10 degrees. 

173 A. Stilbite, taken from No, 173. 

173 B. Weathered stilbite (?) from the beach in the bay on 
Sec. 28, near No. 173. 

174. At five miles from Temperance River (Sec. 12, R. 4. T. 
59.) the bluffe rise from 20 to 40 feet, and are made up of trap and 
amygdaloid, sometimes having the globuliferous jointage noted 
near Temperance River; the amygdaloid also sometimes being con- 
glomeritic, containing harder masses of more compact rock; still 
somewhat amygdaloidal; and a ferruginous sandstone which seems 
rather to fill veins and irregular cavities. There is much calcite 
and laumontite in this amygdaloid. The samples with this num- 
ber are of the more compact rock in the amygdaloid, and of the 
sandstone. There are many deep purgatories and arched passages 

and buttressed porches along here. The globuliferous jointage 
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noted is not due to the existence of boulders in the mass, but to a 
natural separation of the bed along conchoidal or curving surfaces, 
as it prepares to disintegrate. These all dip toward the lake about 
15 degrees. 

175. At six miles (about) east of Temperance River (the coast 
all the way from that river being continuously rocky with the 
same as seen at Temp. R.), the conglomeritic beds appear on the 
coast. Here they are more distinctly conglomeritic than at other 
points. Some of them contain angular and somewhat rounded 
masses of diflFerent texture, though not of much different color or 
composition from the mass of the rock. Here there are also lumps 
of amygdaloid contained in a red sandroek, the amygdules being 
largely of calcite and laumontite: but the sandstone, which, how- 
ever, is hardly gritty, but ferruginous and aluminous, makes up 
less than one-half of the mass. These beds (No. 175) are about 
six feet thicK. They are overlain, in an oblique upward strike 
froi 1 the water, by a bed of trap undistinguishable from the trap 
that occurs frequently along here, and are underlain by the next. 

176. A tough, thin-bedded rock, containing much iron, and 
having a red mineral (heulaudit^ ?) separating its frequent joints, 
so as to appear blood-red on approach, or spotted blood-red. Its 
general color is dark-brown or black, and it is seamed with calcite, 
heulaudite and laumontite, the second including the other two as 
between the walls of a vein, the veins being rarely more than J 
inch in thickness. It is finely amygdaloidal with the same min- 
erals; 22 feet thick; resembles the Two Hfirbor rock. 

177. Is another bed of amygdaloid and sandstone, eight feet 
thick, underlying No. 176. (See No. 626). 

178. Shows four feet, but beyond at another bluff, rises so as 
to show ten feet. It is a less amygdaloidal state of No. 177, and 
lies below No. 177. The last two numbers are got about fifty rods 
east of Nos. 175 and 176. There is an isolated pillar of No. 176 
standing on a broad pedestal rising about twelve feet high, about 
forty feet from the shore. 

Round the next little point, about 20 rods further, these beds are 
broken and confused, the dip changing to the southwest. There 
are here broken upward bends, or domes, of soft amygdaloid that 
encroach on No. 176 so as by weathering to make deep purgatories 
with buttresses of No. 176 separating them. After a short inter- 
val the beds go back again, and retain their usual dip toward the 
lake. (Compare No. 626). 
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179. Comes in below these amaygdaloids, at about a mile west 
of Poplar river; a greenish heavily bedded doleryte; rising about 10 
feet and returning near the water, as the coast line crosses the 
strike of the beds. The coast between Temperance and Poplar 
rivers is very picturesque and interesting, but difficult for small 
boats. The trap and amygdaloids take a thousand fantastic shapes^ 
as the line of the lake level cuts across the undulations of tl^eir 
bedding and change of dip. Sometimes the bridge of trap, as it 
runs down to the lake, is entirely eaten under, forming deep pur- 
gatories; or it sometimes breaks down, leaving islands of rock just 
ofiP the line of coast. Sometimes island, bridge, and all are taken 
away, and the waves break on the base of a high bluff that often 
rises perpendicularly from the water, or is skirted by a little short 
pebbly beach, a rod or more inside the line of islands. 

180. From the middle island at the mouth of Poplar river. 
Here the strike of a heavy layer of trap runs along the shore; but 
about six rods lakeward it exists as islands and a reef left by the 
waves, thus enclosing a small and imperfect harbor for small boats; 
contains thomsonite. 

181. Underlies No. 180 and does not vary much from it, ex- 
cept in being more evenly and more thinly bedded ; and in separat- 
ing into closer joints, so as to disintegrate, leaving No. 180 to 
stand alone, and really causing its more rapid demolition. Nos» 
180 and 181 form substantially one rock, and are both what has 
been styled trap along here. In weathering they become very 
rusty, when not under friction, and brick-red, crumbling in little 
red globules. These beds are 24 ft. thick. 

182. Is directly under No. 181, and is ashaly, red, easily crumb- 
ling rock, apparently of not uniform thickness, but in one place, 
is about 8 ft. thick; on the east of Poplar river associated with a 
red conglomerate. 

183. A highly amygddaloidal rock, exposed below No. 182, but 
ascending, at other places when exposed, so as to "pinch" out No. 
182, and almost uniting with No. 181. This crumbles and gets 
brick-red on weathering on the beach. Nos. 182 and 183 seem to 
be the equivalents of Nos. 175, 176 and 177, but there is here no 
layer like No. 176. 

184. A vein of breccia (?) about 18 or 20 inches wide crosses 
the face of a crumbling, greenish trap, running N. 40® E.; sim- 
ilar to a rock that seems to have been embraced in the vein; J mile 
east of Poplar river. This vein is nearly white and is made up of 

ealcite, thomsonite and laumontite. /^ t 
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185. Laumontite and silbite; each associated with calcite, oc- 
cur in large nests in the rock, of about the same beds as 183, at 3 
miles east of Poplar river. 

186. A little further east can be seen a very interesting instance 
of the manner of weathering of the trap beds. This is similar to 
what has been mentioned before, and styled globuliferous. The 
rock seems to decay to a considerable depth, and to assume a glob- 
ular structure, the little globules being rough exteriorly, and gen- 
erally about ^ inch across. This cannot be due wholly to any 
peculiarity of circumstance in exposure, since here we have an 
opportunity to see alternations of rough and globular weathering 
and of smooth weathering alternating in beds one above the other, * ■ i i 
the beds being otherwise outwardly undistinguishable. The rough ■ ' 
and globular layers show these characters both near the water and 
also as they rise obliquely across the bluff, and the same is true of 
the smooth weathering layers. Samples show both. 

187. An amygdaloid containing amygdules of zeolitic miner- 
als, as stilbite and thomsonite, as well as delessite. Some of the 
crystalline nests are large, the thomsonite appearing agatelike. 
Some of the thomsonite is of the variety lintonite. This is at 
Eclipse Branch. [V. 625]. 

188. A greenish dolertye that weathers softer, slippery and 
smooth. It occurs suddenly at first, on a point running N. E. 
(Eclipse Beach), and enclosing a little bay, being a bed of over- 
flow of igneous rock. It embraces corrugated surfaces like those 
seen at Temperance river, especially at points a little further east 
where it becomes closely associated with No. 187, which it over- 
Ues. It seems to embrace parts of No. 187, and then to take its 
place. The corrugated areas are small, the wrinkles curving, and 
being in various directions, sometimes like an inverted basin. (The 
equivalent to No. 623). 

With various unimportant alterations between 187 and 188, or 
rock undistinguishable from them, but with a dip toward the lake 
of 8® to 15®, the coast continues rocky from the last point to 
Cariboo Point, (sometimes styled Black Point), and generally low, 
with only occasionally a bluffi rising 10 or 15 feet. At Spruce 
river a high bluff rises along the right bank near the mouth. 

189. Cariboo Point, S. WJ Sec. 11, T. 60. R. 2. The rock of the 
point is represented by this number, and is of the same horizon 
as No. 188. On the east side of the point this rock is basaltic 
radiatingly, and shows a thickness of 8 to 12 feet. The basaltic ^^^^ 
columns gradually give way to a bedded stricture toward the 
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north. In some places it is fine-textured, especially near the top, 
and there shows the corrugations of surface that has been sup- 
posed to be old lava-crusts; but generally these are smoother than 
those seen at Temperance river. This dips toward the lake at an 
angle of about 10^ and lies on the next. 

190. A brownish-red sandstone, or shale, so fragile as to fall to 
pieces by handling; within the bay inclosed by Cariboo Point. 
This has a <^ross-lamination, and toward its junction with No. 189 
is much less siliceous, and more aluminous for a thickness of about 
13 feet. Its dip causes it to disappear, and its fragile character to 
become covered, within four rods of its first appearance, under No. 
189. It re-appears slightly about 15 rods within the bay, having 
the same dip. Then for a little more than \ mile the coast is low 
and only pebbly. Beyond that, however, the shore shows the same 
rock again as on the west of Cariboo Point, though at first appear- 
ing more brecciated or conglomeritic. This sandstone layer) No. 
190), is doubtless the same, or very nearly on the same horizon as 
some of the laumontitic amygdaloids so frequently seen further 
west, the conditions of metamorphism at this place not having 
been such as to convert it to amygdaloid. It is plain that not much 
heat accompanied the overflow of No. 189, as it seems not to have 
affected No. 190, the transition being abrupt from one to the other. 
(See after No. 293). 

191. The rock which first appears on the east of Cariboo bay 
continues to Cascade river, forming a line of low coast. This 
number represents it at Cascade river. It there overlies the next. 

192. A reddish-brown amygdaloidal, finer-grained rock than 
No. 191 ; forms a low outcrop on the right bank, near the mouth. 

Trap-rock, like No. 191, occupies the coast, without any inter- 
mixture of amygdaloid, forming a low, dark, coast-line, to the 
point half way between Cascade river and the point on the west of 
Good Harbor Bay. At this midway point No. 191 is broken into, 
allowing the formation of a deep bay (Lover's Bay), while its di- 
rection near the lake level can be seen in a small island east of the 
point. Under No. 191, within this bay, are beds of less firm rocks 
which by the erosion of the lake cause the destruction of the over- 
laying beds, which, as the dip rises, make the top of the bluff at 
the head of the bay, rising 50 or 60 feet. This bed is greenish- 
black and contains thomsonite; sometimes basaltic and sometimes 
bedded, with a few spots of enclosed reddish amygdaloid. In other 
places the doleryte itself more compact and of a reddish-brown 
eolor in patches, as if brecciated or irregularly cooled, shows j 
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laYar-crusts and included angular and rounded masses. In these 
places the surfaces are firm, rough, and many-jointed. In other 
parts the dark green color returns, and the rock weathers smooth 
under friction, but in the weather only it crumbles. A lower bed 
of amygdaloidal trap, with purgatories, generally low, but rising 
near Terrace Point to 18 or 25 feet in height, extends from Lover's 
Bay to Good Harbor Bay. Near Terrace Point it presents much 
the character and confused composition as seen at Lover's Bay, be- 
ing reddish-brown and brecciated, the top being more dark and 
firm, like a true doleryte, and containing thomsonite. 

193. This is from the very point, which sharply encloses Good 
Harbor Bay; a green-weathering doleryte, containing thomsonite. 
(V. No. 535.) This dips conspicuously, and overlies a brown sand- 
stone, or shale, which also dips toward the lake and runs 14 hun- 
dred feet along the shore. 

194. Brown sandstone, from Good Harbor Bay; aluminous; by 
making measurement along the beach the outcrop is found to ex- 
tend 1400 feet, with an average dip of 8^ degrees toward the lake; 
by trigonometrical calculation the thickness of the strata is ascer- 
tained to be 206.9 feet, as exposed, but the thickness must be con- 
siderably more, owing to the non-exposure of rock in an interval 
of nearly 1000 feet before the underlying firm beds appear in the 
beach further north. This is probably the equivalent of the sand- 
rock at Cariboo Point, but may be another stratum. It is very 
frail and although sometimes a little slaty it will easily fall to 
pieces if taken in the hand. 

195. Is a firm but porous amygdaloid, the pores and seams some- 
times being quartz-filled, and iron coated. From the north side of 
the first little creek in Good Harbor Bay, underlying No. 194, but 
not immediately. Very soon the shore becomes rocky with 
a brown, rough rock, irregularly jointed and compact, appear- 
ing like that at Two Harbor Bay. This soon becomes irregu- 
larly mixed vrith the usual doleiyte which extends to the second 
little creek, where there is a short pebbly beach. The same rocks 
soon return. The shore is rocky nearly all the way then to the 
point that encloses the bay in which Pall river empties. 

196. From the rocky island off the point that encloses Good 
Harbor bay: a doleryte containing stilbite; similar to, and in the 
line of bearing of No. 193. 
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197. A reddish brown rock, closely jointed, and also breaking 
sharply with a conchoidal fracture; very rough exteriorly, i. e. 
with sharp projecting angles that tear the boots, but not porous or 
open; forms the point and coast line first east of Good Harbor bay, 
east of No. 195. 

198. After passing a little point and a bay facing east, a green- 
weathering rock, finely jointed, and having an interior brown 
color, appears along the shore, and finally shows a basaltic struc- 
ture and coarser grain near Fall river, where it stands out in the 
beach, and was illustrated in Norwood's report. Samples are from 
the basaltic parts. At some places the rock along here, west of 
Fall river, is slaty, and has a green color. Rock No. 198 extends 
to Orand Marais, generally showing its basaltic columns ; but 
along the beach at one point having an amygdaloidal red rock be- 
low it. 

199. The same as No. 198 ; from the basalt at Grand Marais, 
Contains plagioclase, diallage, magnetite, haematite, ferrite, apa- 
tite. 

200. Samples of copper-bearing green-stone (gabbro), from N. 
W. i, Sec. 24, T. 61, R. 1 W., up Fall river. This heavy-bedded 
rock has slickensided seams, or thin filling between layers. These 
seams contain much chloritic mineral (delessite ?), some layers of 
it being J inch thick, with stilbite closely mixed with it, and also 
small quantities of calcite ; the copper occurring in the massive, 
hard greenstone, or dolery te, in the form of thin spangling sheets 
once or twice the thickness of paper, or even J inch thick. The 
sheets sometimes embrace three or four square inches in area. 
This location was wrought by Johnson & Maguire in the summer 
of 1876, and the face of the rock shows perpendicularly about 18 
feet. It probably exists as a dyke. 

200 A. Concretionary masses within No. 200, apparently hav- 
ing a large amount of diallage (?) with olivine, orthoclase and a 
white radiated zeolite, like prelinite. These concretions are per- 
haps produced by the inclusion of fragments of No. 201 in No. 
200, when the latter was in a fluid state. 

201. This, which is cut by No. 200, is the paliaade rock, but 
has fewer of the translucent crystals of adularia than the Pali- 
sades themselves. It is properly styled a porphyritic, orthoclastic 
felsite. It is from the mine on Fall river. 

202. Green, coarse dolery te, round the east point of Grand 
Marais; a low exposure in the coast line; with concretions or in- 
clusions of a finer grain. This terminates rather abruptly on the 
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-east, somewhat like a dyke when in contact with No. 203; but it 
is not basaltic, nor is the contact abrupt. Number 202 and 203 
change colors gradually, and in fragments are mixed through a 
breccia of three or four feet wide. 

303. Resembles No. 201, and is much like the Palisade rock. 
It furnishes pebbles for the beach which are strewn all along, 
making the beaches at Grand Marais. Dips 5 to 15 degrees 
toward the lake, or by the coincidence of the coast line it appears 
sometimes nearly horizontal. Sometimes it resembles the siliceous 
gray slates of Beaver Bay, No. 127. (v. 528). Under the micro- 
scope in a thin section this rock proves to be an orthoclastic red 
felsite. There are mono-clinic crystals of orthoclase in a trans- 
lucent material, as well as sometimes large areas of orthoclase 
which show a uniform clearage and direction, as if belonging to 
one crystal in the general felsitic mass; but in general the felsitic 
mass is clouded simply by ferrite, and not distinctly crystallized; 
or in the thinner portions of the section it is porphyritic with 
sections of fine tabular crystals. These very generally darken 
when about parallel with either spider line, but not always. 

203. A. From a vein of laumontite in No. 203. 

of\K I Transition rocks in the order numbered, between Nos. 
^J^- f 202 and 203. 

207. A doleryte like No. 202 which suddenly comes in crossing 
the beds of No. 203, forming a little point ia the coast. This dyke 
is about 200 feet wide, and gives place to the beds of 203 again on 
the east. 

These run perhaps 500 feet when another similar dyke crosses 
them. There are six such within a mile along here, and some are 
basaltiform obliquely. They run E. 15® S. 

208. This rock occurs much like a dyke at first with perpen- 
dicular jointage, or basaltic structure in beds, but soon larger 
bedding crossing these, cut it, and cause the rock to all appear 
bedded. This is fine-grained and brown, and is about 25 rods from 
the last of the dykes already mentioned. This becomes a bedded 
rock, like similar beds seen before, having sometimes the appear- 
ance of the Two Harbor rock. It slopes toward the water. Just 
beyond the mouth of the third little creek (on the Lake Survey 
Chart) these beds become disturbed and brecciated and even tipped 
in the other direction (S. W.) and are crossed by a dyke of doleryte 
like No. 207, about 18 feet wide. Previous to this (further west) 
they show patches amygdaloidal; but just on the east of this dyke 
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there is much amygdaloid with laumontite. Just before reaching the 
mouth of the fourth creek another dyke like 207 crosses these beds 
running in the same direction as those before seen, and throwing 
up the firm heavy beds of No. 208 at a high angle. This dyke is 
basaltic perpendicular to these beds by being cooled by them. 
This last larger dyke is only exposed near the water, and its exact 
contact with No. 208 is invisible. It is exposed about fifty feet. 

209. This is from still another similar dyke of doleryte cutting 
these beds, or inter bedded in them ; the columns sloping obliquely 
inland. This is prominent and conspiciously basaltic perpendicu- 
larly to the highly tilted beds of No. 208. This dyke or bedded 
trap rock runs nearly E. and W., No. 208 dipping into the lake at 
an angle of about 45*^ in patches perhaps 20 rods, becoming less 
conspicuous toward the east, and at last disappears a few rods west 
of the mouth of the Devil's Track river under a low, red, pebbly 
beach, the pebbles being from No. 203, which here appears again. 
This beach continues for a mile or more, occasionally allowing the 
exposure of the rock in place, to the S. E. comer of Sec. 8, T. 6L, 
R. 2, E., where appears in the midst of the shingle of the beach a 
different rock, viz: 

210. This is in a low exposure. It is a firm, smooth-weather- 
ing rock, with a brown color and has an abundant green mineral; 
apparently one of the igneous beds. 

211. Is from the same beds as No. 210, but from the point next 
west of KimbalFs creek, known as Cow's Tongue Point. These 
beds here rise about 18 feet, shutting in a bay that faces east. 
This point is on S. E. i, Sec. 9, and the coast is rocky, with the 
same rock from No. 210 to this place. 

212. After a short red-pebbly beach, in this bay, this number 
appears in low outcrop, and is the same redrock as No. 203, show- 
ing here nearly a horizontal bedding, running below No. 211. 

213. From the extremity of Fish-hook Point, near the center of 
Sec. 16, T. 61, R. 3 E.. eleven miles from Grand Marais. 

314. Similar to No. 213. From Sec. 1, T. 61. R. 2 E., at the 
mouth of a little creek, west of No. 213. 

316. Half a mile west of Fish-hook Point. These three num- 
bers (213, 214, 215) all appear to be modified forms of No. 203. 
Fish-hook Point was formerly an island, but the lake has formed 
a continuous beach deposit running north, and enclosing triangu- 
larly a lagoon, as well as toward the S. W. The rock here resem- 
bles the rock No. 212 in mineral composition and aspect, and is 
probably closely associated with it, but its structure is different. ^ 
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It is fissile, but generally only horizontally so, or with an oblique- 
ness to the real bedding, which dips gently toward the lake. It is 
firm against the hammer and against the weather, but is filled 
with old cracks and joints that make it almost impossible to get a 
fresh break. It has a red color outwardly, like the rest near the 
water, except in the joints, which are blue-black with iron-shot 
(as Norwood describes such); but away from constant wave-action 
it is black. It is finely porphyritic, with stellar spangles of felds- 
par, and with isolated crystals which weather nearly white. 

214. Is of similar rock, but more firm and crystalline, weather- 
ing red, and having some white amygdules. This has a low, in- 
conspicuous outcrop, like others of No. 203, running along two or 
three hundred feet and dipping a little south of east. Number 
215 is from a little point within the broad bay, nearly on the west 
side of the same section, where it rises about 6 feet, and, running 
along the beach three or four hundred feet, weathers red, like the 
rest, furnishing some of the beach pebbles of that color. In the 
lake opposite Nos. 214 and 215 can be seen a basaltic rock offshore, 
which does not appear on the beach and may be the extension of 
Nos. 210 and 211 forming Cow's Tongue Point. 

216. Is a greenish-brown rock with curling internal structure, 
containing quartz and amethystine nests, from the westerly of the 
two little points west of Brule river, and before reaching either 
island, where a little stream enters the lake. It is a short outcrop 
rising about 5 feet in the midst of a red beach. This is an igneous 
rock; and the next point is of the same, also the little island off it, 
which is in the line of bearing. 

217. In the midst of a red beach, extending from the last point, 
is an occasional exposure of this red rock, which within is brown- 
ish-red, fine-grained, and has the same purplish quartz (?), as noted 
in No. 216, in round amygdules, yet is plainly different from 
No. 216. It belongs to the modified sediment aries of the kind 
like the Good Harbor rock. This is a conspicuous outcrop within 
the bay between two streams. The strike of the trap (No. 216), 
can be seen under the water of the bay 

218. The rock of the point, near the Brule river, off which lie 
the principal islands. This is a brown, conchidally fracturing rock, 

fine-grained or crypto-crystalline, with small quartz-lined geodes, | 

weathering rough-angular, and black when not under friction. 
Back from the line of friction, on the beach, old weathered surf a- - 

ces are brick-red. This is very similar to No. 217. 

219. A little beyond the last locality, and just as the rock dis- Digitized by vjOOQIC 
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appears again, it suddenly becomes slaty or closely-jointed and * 
lamiaated, dipping S. 10® E., and more enduring. In this condi- 
tion it forms some of the islands near the beach, and also rises 50 
or more feet near the coast back from the water. This is fine- 
grained and nearly black, hard and tough. The rock of the main 
island, further out, containing a few stunted trees, is more like No. 
218. 

These beds seem to have been disturbed by some upheaval, and 
appear in all respects like those of No. 208, though not so con- 
spicuously exposed. The doleryte dyke that might here be sup- 
posed on the north of this disturbance cannot be seen. The point 
at the north of the little stream west of the Brule, and the little 
island there, are of the same rock as the last. 

220. Between these islands and the mouth of the Brule at a 
little dull point is a bluish-gray rock, weathering green, fine- 
grained and hard. The outcrop is rather closely jointed and in 
some spots it is reddish brown. This rises about 6 feet, but only 
runs 5 or 6 rods. The beach to the west of this is mainly of a red 
color, but has blue pebbles also from this rock. At this place the 
blue and red are about equally common, but the red gradually dis- 
appear in going east. (V. 539). 

221. A short distance east of the Brule (perhaps 20 rods) is a 
coarser rock resembling gabbro, which is heavy and crystalline. 
This is not certainly a dyke, but it may be, its form and extent not 
being visible. This rock makes a fine thin-section, showing coarse 
crystals of plagioclase and diallage, with magnetite. The dialli^e 
frequently shows a fine striation of four or five belts, crossing the 
body of a grain, generally near the center, having color like striated 
feldspar. But these striae are always in a single group. The 
halves of the grain have certainly diSerent axes of elasticity, dark- 
ening atdifl'erent places; hence it appears twined like plagioclase. 
Similar striation appears in other samples of rock containing dial- 
lage, and might be attributed to a grain of plagioclase lying under 
and showing through. 

222. The last seems to overlie, or to pass into this. This weath- 
ers into a green color^ but sparkles all over with what at first ap- 
pears like mica, but in other respects it is like the last, becoming 
coarsely laminated when weathered. A little further east these 
two rocks (221 and 222) can be seen in a bluif rising about 15 feet, 
the latter being under the former. This rock continues, with in- 
crease of the characters of No. 221, and forms two or three little 

points within a mile east of the Brule, rising sometimes 15 or 25 

•^ njigiTizea Dy ^^av^^^^LV^ 



STATE GEOLOGIST. 5T 

feet. The intervening bays are occupied by large rounded boul- 
ders of the same, with little rock exposure in them, or they are 
pebbly. 

223. The rock of the last continues to the high, round poiui 4 
miles east of the Brule, and then becomes basaltic on the side 
facing Sickle Bay, rising about 30 feet perpendicular from the 
water; the intervening coast being low, sometimes exhibiting the 
coarse dark beds of this rock, but not becoming basaltic. (V. No. 
540). 

224. Horseshoe Bay has a similar basaltic coast line on the west 
side, rising about 60 feet. West of it are short stony beaches, the 
strike of the exposed rock being a little further back. Double Bay, 
next east of Horseshoe Bay, has a rocky point, dividing it into two 
parts, and this rock is from this point. The western half of this 
bay is without rock on the beach, but the hills back rise several 
hundred feet, having the same rock as the last. This is a fine- 
grained, metamorphic, brown rock, which is somewhat basaltic like 
trap, and also rudely bedded. 

225. On the most easterly point of Double Bay is a crystalline 
rock which seems to embrace the minerals derived from the sed- 
imentaries mingled with igneous rock material, all coarsely crys- 
talline. (V. No. 5). 

226. Is from an isolated dyke-like exposure on the beach in the 
next shallow bay. It is a brown or reddish-brown compact rock, 
firmly prophyritic, closely jointed and basaltic, like No. 203. 

227. Along the west side of the ridge, or spur (No. 226), is a 
narrow bed or dyke of fine, blue-grey rock, sparingly porphyritie 
with red feldspar, less{enduring than the rock of No. 226. It is 
nearly invisible. It is narrow, and its line of bearing becomes 
confused, or blends with the rock of No. 226, being perhaps a 
modified form only of "No. 226, due to diflFerent influence in up- 
heaval, or to unseen contact with the accompanying igneous rock. 
This outcrop is between the 1st and 2d creeks in this broad ])ay. 

On the little point between the 2d and M creeks is a low ex- 
posure of rock that resembles No. 223, mainly broken into boul- 
ders. Also a small isolated outcrop is just east of the 3d creek, 
otherwise this bay has a pebbly beach. But the broad point that 
separates it from Cannon Ball Bay, (similar to Horseshoe Bay) has 
a low, rocky beach of the same rock as the last mentioned, viz: 

228. A heavy bedded coarse-grained doleryte. (V. No. 540). 
The east side of this bay is made of the same rock, also the east 

point, also the island east of it; the coast being rocky and low, or Digitized by vjOOQIC 
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rising from six to ten feet, basaltic. The next island, and the coast 
along, especially ^he points of the coast, are of the same. It rises 
into basaltic coarse beds in a sharp point on the west side of Red- 
rock Bay, succeeded suddenly by a red pebbly beach within the bay, 
strongly contrasting with the dark green or black color which it 
suddenly replaces, (230). 

229. Doleryte like 228; from Red-rock Bay, west of the red 
rock, outcropping in the midst of a red pebbly beach; runs under 
the E. Palisades. 

230. Red rock from Red-rock Bay. This resembles, or is ex- 
actly the same as the Palisade rock. It is porphyritic with flesh- 
red feldspar, and with translucent crystals that at a glance appear 
like quartz, but are seen to be quadrangular in section, sometimes 
square, and to have a perfect cleavage. The manner of exposure 
is considerably like that of No. 226 in a little bay west of this 
place. This rock has an imperfectly and finely basaltic structure, 
i lie joints being 2-4 inches apart. The relations of the doleryte to 
this cannot be distinctly seen, but that rock can be seen to the 
west in the beach, and probably passes below this. This is the rock 
known as the eastern Palisades. (V. No. 620). 

231. From a dyke of basaltic doleryte a short distance east of 
the mouth of the Redrock creek. This dyke runs E. and W., and 
is horizontally columnar. It cuts the rock of No. 230, and varies 
from 50 to 60 feet wide. It is a fine-grained, blue-black, and 
weathers greenish. It embraces patches of the red rock. 

At Red Point, which encloses a deep little bay facing east, and 
which is high and rocky, with No. 230, another dyke of the same 
kind as No. 231 crosses No. 230. It is about 25 feet wide. No. 
230 dips into the lake here at an angle of 6 to 10 degrees. It is 
suddenly discontinued in the bite of this bay, the bluff running in- 
land about 20 feet high, the beach being of red pebbles. Just 
east of this bay are two or three other dykes of the same kind, and 
several islands formed by them, also some sharp, narrow points. 

232. The first rock that appears in the pebbly beach east of the 
rock of Red Point, near a dyke; a brownish-red metamorphic com- 
pact rock, sometimes with amygdules of a white mineral, coated 
with green; apparently underlies No. 230; resembles some of the 
compact brown rocks seen at Duluth and at many intermediate 
points. 

233. From a dyke, near No. 232, 21 feet wide, horizontally 
columnar, running N. 15^ E. and projecting into the bay 75 to 90 
feet, of a blue-black color. uigitizea oy ^i^^OqIc 
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234. From a dyke 18 feet wide running E. and W. "hading" 
a little to the south, cross-columnar, cotemporary and blending 
with the dyke 233, the structure of the two running together; of 
a brownish-black color. This rock is like a melaphyre, but No- 
233 is not. 

236. A rock similar to No. 232, cut by the dykes, having a slaty 
structure without any dykes; forms the beach next north of the 
dyke No. 234 which is out in the water. 

236. From a dyke 21 feet wide; a fine-grained, black basalt, 
running out into the lake about 250 feet, but often in the form of 
islands that occur a little out of line. The basaltic structure of 
this is very irregular. In some places it is fine and in others it is. 
coarse; runs No. 15® W., being intersected by the dyke No. 234, 
apparently in the same manner as No. 233. 

237. Is from a curious isolated mound of metamorphic firm 
rock, standing between the beach and the lake, a short distance 
east of the dyke No. 236. It is curvingly bedded and laminated; 
rises 18 feet and extends 18 feet on the beach, shaped like a hay- 
stack. It has a reddish-brown color. Its manner of occurrence is 
like that of the rock No. 226. 

238. Is from a curving, slaty condition of the same rock, ris- 
ing 10 feet; there is much confusion and twisting of the slaty 
sedimentary beds, the whole formation being broken up. Nos. 
237 and 238 coutinue east about half a mile, and gradually become 
more dense, or non-slaty, yet fissile hard, and angular, crossed by 
several smaller dykes running E. and W., or S. E. and N. W. 

239. Shows the condition of the same beds in process of this 
change. Here also are slaty spots, also compact firm spots, but in- 
stead of red the general color is brown, weathering faint-red in the 
old joints when freshly separated. 

240. A reddish-brown, fine-grained rock, breaking conchoidally. 
but a further metamorphic condition of No. 235. • 

241. Still further changed, becoming black, and almost undis- 
tinguishable from fine basalt. 

242. Next appears a dyke about 100 feet wide, cutting these 
beds, running nearly E. and W. This seems to have spread large- 
ly, at least in its eflects, on either side, and the adjoining rock ap- 
pears like basalt, but still seems to be only a changed condition of 
No. 235. 

Nos. 232 and 235 and their modifications, run under No. 230. 
There are spots in No. 235 that appear like the aluminous mud- 
spots seen in No. 194. 
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The alternating phases of Nos. 239, 240 and 241 continue, with 
occasional dykes, or overflows of rock like No. 242 to Deronda 
Bay, appearing like the Two Harbor rock. 

243. From the west point of Deronda Bay: a fine-grained, 
hard, nearly black homogeneous rock, of doubtful origin; probably 
one of the forms of the rock 235, &c. It is rather bedded, but not 
basaltic, and lies on an amygdaloid, viz: 

244. A reddish-brown amygdaloid, with green amygdules ir- 
regularly passing into 

245. Which is of the same color but has nests of a lighter 
mineral, and is mainly a non-amygdaloidal rock. Just west of the 
west point of Deronda Bay is an island of basalt, near the shore, 
mainly made up of rock like No. 242, in an arched position, the 
waves having eaten under the arch into the softer beds producing 
a natural bridge. The head of Deronda Bay has a pebbly beach, 
but the cast side is rocky, with a dyke that "hades" to the south 
and is thirty feet wide, running nearly east and west, and cutting 
rock like 244 and 245 (or 246 and 247). there weathering out as 
purgatories, and lying nearly horizontal. 

246. About I mile east of Deronda Bay at the mouth of 
another little creek is a bluff of rock made up of Nos. 246 and 
247, but running but a short distance. Number 246 is soft and 
green with conj?iderable procholorite. (?) The lower ten feet of 
this are somewhat amygdaloidal with calcite and quartz, coated 
with green, but the upper ten feet are massive or heavily bedded, 
but breaking easily into sheets; overlies the next. 

247. Amygdaloid; rock like the last but having a more amyg- 
daloidal character. 

246. A. Calcite, saccharoidal and flesh-colored from 246. 
These beds dip S. about 12 degrees. East of Deronda Bay the 
second little sharp point is caused by rock like No. 246 dipping S. 
risifig 10 feet. The third little point, which occurs after a pebbly 
beach of half a mile, is produced by a wide doleryte dyke running 
E. 10^ S. 

248. Is from this dyke, which has an indefinite width, at least 
200 feet. This rock is porphyritic, hard and massive. On the 
north side its contact is a fine basalt, and the adjoining rock is art 
amygdaloid, but only about six feet of the amygdaloid is here. It 
lies along the dyke as if it belonged to it. 

249. Amygdaloid adjoining No. 248. 

250. The west point enclosing Grand Portage Bay is low, but 
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has a rocky beach consisting of alternate layers of basalt and 
amygdaloid rising but little above the water. 

251. Underlying No. 250; an amygdaloid of a greenish color. 
These beds (Nos. 250 and 251) dip south at a low angle and do not 
extend into the bay. They apparently form the coast line between 
Grand Portage Bay and Deronda Bay, there being but little out- 
crop with a low shore between these places. The west side of 
Grand Portage Bay shows no rock. It is low, the timber growing 
nearly down to the water. 

252. Slate from the west side of the village of Grand Portage. 
The outcrop is near the water and along the beach, rising also 
into hills a short distance inland. It is cut by a prominent dyke 
of doleryte, 39 feet wide, running E. 15^ S. Some of it seems to 
be suitable for roofino^, but some is too hard and brittle. It also 
has septaria several feet wide, round which the slates are dis- 
turbed and warped. They dip S. 5 degrees. They are not due to 
a superinduced slaty clearage, but are caused by the slatiness of 
the sedimentation with which they are coincident. 

253. From the dyke above mentioned, cutting the slates. The 
high range of hills that culminate in Mt. Josephine, back of Grand 
Portage, seem, from the lake, to rise from the point west of the E. 
Palisades, where the rock (540) strikes inland. Their outline and 
general character resemble the range back of Double bay, further 
west. 

254. Is a quartzose conglomerate, firm and hard, with frag- 
ments of slate and quartz pebbles, from the N. W. side of Portage 
Bay Island. This lies in large fallen pieces on the shore, the is- 
land rising perhaps 80 feet. These masses are finely stratified, and 
even show false bedding ; a few rods beyond these fallen pieces, 
(E.) this conglomerate is in place, dipping S. 10^ E., at an angle 
of 8 or 10 degrees. It shows at least 20 feet, and is cut by a dyke 
nine feet wide, which is apparently connected with the trap (?), 
No. 255, that there lies on the conglomerate, and which may have 
come from overflow from this dyke. 

255. This overflow comes down to the water at once and hides 
the conglomerate, and rises perpendicular about 12 feet. It weath- 
ers very rough and open-angular, from containing fragments, ap- 
parently, of rock from contiguous formations, that were not wholly 
molten. 

256. Sandstone ; of even grain and bedding, lying between 
layers of trap-rock immediately over No. 255. 

257. Gray, thinly-bedded, hard, quartzyte, styled siliceo-argiU 
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laceous shale, by Norwood; at a short distance having the aspect 
of a bedded slate, probably belonging to the slate formation of No. 
252; from the west side of Hat Point, near the extremity, over- 
lain by the next. On the east side of the point can be seen nu- 
merous dykes cutting this rock, which probably has a thickness of 
500 feet. 

258. Basaltic trap-rock, overlyingvNo. 257, and rising at least 
150 feet; finally culminating in the summit of Mt. Josephine fur- 
ther north. 

259. From layers underlying No. 258, on the east side of Hat 
Point; lower in the strata than No. 257, but conformable with 
them apparently, and forming a part of the same terrane; a gray 
quartzyte, or hardened sandstone, with rounded, apparently con- 
cretionary spots (J to i inch in diameter), of a reddish color; dark- 
ened by organic matter (?). Compare No. 270. 

260. Near the head of Wauswaugoning Bay a dyke runs S. 
45® W., and forms, for a short distance, the shore-line, contain- 
ing a calcite vein in the center, about 4 inches wide. This is about 
20 inches wide, but it so affects the rock which it cuts that it also 
becomes closely jointed, and almost columnar. The width of the 
dyke cannot be certainly determined, as another large ridge com- 
ing from the N. E., at an angle near oblique to the coast unites 
with it at its western end. Near this point another calcite vein, 
five to eight inches wide, crosses the former in a direction nearly 
E. and W. Embraced in the calcite are small lumps, and almost 
perfect rhombohedrons of haematite. Samples are from the dyke 
running S. 45® W. The rock (No. 257) cut by this dyke dips S. 
at an angle of about 15 degrees, and is rather more like a quartzyte 
than in some other places. A patch of this is included between 
these dykes that intersect each other, forming a triangle. The 
long side of the triangle is formed by a dyke running along the 
shore, rising from two to eighteen feet, but continuing further 
east for at least J mile, horizontally columnar. The other sides 
are made by N. E. and N. W. dykes that unite a short distance 
inland. The first shifts its course a little east of a short pebbly 
beach, and also sends oft* an oblique spur which runs nearly south 
into the bay. In connection with this the slate also reappears, 
dipping about into the bay — though slate is hardly the word to 
apply to this rock. It is in some of its layers a pinkish quartzyte, 
but the greater part is black, or gray-black, sometimes with a 
shade of blue. It is more aluminous in its dark parts, and is fissile 
also, but its fissile parts are so strongly protected by the finn and 
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quartzose beds, which are closely jointed, and often witn beautiful 
symmetry, that they do not weather out much more easily than 
the rest. Sometimes a layer, however, separates from that below 
it, over a space of a few square feet, and the argillaceous parts 
thus exposed become finely, conchoidally jointed, and might be 
styled botryoidal, like some decaying shale beds. 

261. The hill on the N. E. i Sec. 25, T. 64, R. 7, E, rises by 
aneroid 520 feet above the lake. The Mt. Josephine ridge rises 
much higher, sweeping, in one of its spurs, toward the northeast 
past the head of the Wauswaugoning Bay to this point. It is at 
the summit made of the rock of this number, which is a doleryte 
like No. 260, of a slightly greenish tint. This fairly represents 
the rock of all these hills to Grand Portage. 

262. Below No. 161 can be seen slaty red quartzyte beds with 
slate, in the southern slope of the hill, dipping toward the north, 
or into the hill, at a low angle. The hill is largely made up of 
this kind of rock. Another smaller dyke, running E. & W. rises 
into a low hill on the south side of the main hill, and cuts the 
same quartzyte, which here is more nearly horizontal, yet dips 
some in the same direction. 

263. Is from an overflow of igneous rock, rising irreg- 
ularly, basaltic perpendicularly, that forms the straight high coast 
that makes a sharp angle in Wauswaugoning Bay. It is a mag- 
netited doleryte. While it is basaltic on the N. W. side, it is bed- 
ded and dips to the S. E. in following it toward Birch Island. 
This is on N. E. i Sec. 30, T. 64, R. 6 E. It finally becomes over- 
lain by layers of quartzyte — which layers are curved and twisted 
as if by heat from below. They could not have been deposited as 
a sediment on No. 263 when the latter was cold, but must have 
been previously deposited and then disturbed by an injection of the 
molton rock under them. Angular pieces of the quartzyte are en- 
closed in No. 263, changing the weathering color and the composi- 
tion in spots, reminding one of the '' red rock" embraced in the 
"Rice Point Granite" at Duluth. 

264. These samples show this enclosure of quartzyte, and also 
changed quartzyte; from the coast due N. (by compass) from Birch 
Island. In some spots are specks resembling graphite, with a few 
specks of pyrite. 

265. Is from the upper part of No. 263^ where in contact with 
the quartzyte. The quartzyte is slaty. No. 265 is geodic with 
fine crystals of quartz (?) surrounded by graphite or mingled with 
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it, (some of this soft mineral is light-colored, with reflecting sur- 
faces, like talc). 

Birch Island is caused by four hardened belts in the quartzyte 
and slates, from 5 to 10 feet wide, which run E. and W. making 
the slates darker and in spots basaltic, and yet showing in other 
spots their bedded slatiness. These belts resemble dykes of igne- 
ous rock; and they run as a reef almost to the shore northwardly. 
The point east of Birch Island is mainly made of red quartzyte, 
which rises here about 35 feet above the lake, but yet dips soiith 
into the lake at an angle of about 8 degrees. It breaks off in 
steps, back from the shore, from ten to fifteen feet high, and some 
of it rapidly breaks up into blocks of a few inches. This is espec- 
ially the case where the hardened belts (or dykes?) from Birch Is- 
land cross the point. 

265. B. Samples of this quartzyte, showing also glaciation (?) 
in curving fractures over the surface, like that described on the 
Rock county quartzyte. But these curves present their concavities 
toward the S. W. and their convexities N. E., requiring, under the 
theory of their glaciation applied to Rock county, a movement of 
ice toward the N. E. These curved fractures have penetrated 
several inches — some of the larger ones — though this may be due 
to the continuation of the checks begun by glaciation, by weather- 
ing and frost since the glacial epoch. The formation is in most 
respects very similar to the Rock county quartzyte. But in some 
places it is conspicuously basaltic, and often contains crystalline 
grains resembling flesh-red feldspar, as well as darker grains. 

275. A. Samples from the darker and firmer parts (as at Birch 
Island), that appear like dykes. 

The coast line for a mile east of Birch Island is formed by the 
same quartzyte, crossed by several dykes. They cut the quartzyte, 
running E. and W. or very nearly so. One which is about 25 feet 
wide has a narrow calcite center, 2-4 inches, and some pyrite. This 
sometimes becomes two or three veins. 

266. From a dyke-rock containing scattered pyrite. 

267. Basaltic rock from the main vein, containing a calcite 
center, and which is about 25 feet wide. 

267. A. Calcite and ore from No. 267. 

268. Blackened quartzyte, with red (haematitic) specks; from 
near the dyke No. 267i This is of a dark color, but represents the 
prevailing color. 

269. From Island No. 2, being the easterly of the first two is- 
lands near the coast; a porphyritic doleryte, the larger crystals be- 
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ing of a triclinic feldspar. The whole rock is gray, and has small 
grains of pyrite. The whole island is formed by a dyke of No. 269, 
flanked hy a little quartzyte and slate near the water. The dyke 
is about 50 feet wide, and the island is not much more. 

270. Graphitic rock; Pigeon Point, S. W. J Sec. 32, nearly on 
the axis of Pigeon Point. This rock is charged with graphite, in 
the form of nodules from the size of a pin-head to ^ or | inch in 
size. Some pieces are two or three inches across, and in the work- 
ing for silver in a shaft some were found more than a foot in di- 
ameter. The rock also contains some native copper and pyrite. 
It embraces irregularly angular patches of quartzyte, and over the 
•exposed surface are patches very rich in graphite. There is but 
little soil. The rock is chipped, and lenticularly and roughly 
jointed, or laminated. It is stained outwardly with iron rust. 
This is plainly a metamorphic rock. It can be traced two or three 
miles east and west. The graphite, while occurring more or less 
in the rock on either side, yet is found most abundantly in veins 
and joints in this quartzyte, over a belt 20 to 40 feet wide. (See 
:No. 552). 

271. Finely graphitic quartzyte; from the same place as the last. 

272. From the vein on S. W. J Sec. 32. This vein is supposed 
by the p.irties owning it to be a branch from that wrought on the 
trail to Parkerville. No working has been done on it, but the 
croppings show heavy spar, carbonate of copper, and amethystine 
quartz, the bulk being heavy spar. Runs N. 20 deg. W. 

Cro.ssing the graphite belt nearly north and south is a wide vein 
near the trail to Parkerville, of calcite and quartz, the latter some- 
times being amethystine. This was wrought in 1874, by A. A. 
Parker, at points not far from the south shore of Pigeon Point, 
but without encouraging results, although the tests mjide were not 
^uflScient to prove the vein. (See Report for 1878, p. 15.) 

273. S. W. i Sec. 32. From a dyke running N. 60'' E., crossed 
by the vein No. 272. 

About an equal distance east of the main N. and S. vein 
(wrought by Parker) is another vein about 8 inches wide, seen 
near the water level, which widens out toward the north, involved 
with much quartzyte, and extends, presumably, under the water to 
the south side of Susie Island, where other working has been 
done. 

The rock, generally, of the region, appears to be quartzyte, but 
it is crossed by numerous dykes, generally E. and W., which tilt 
and modify it, rendering it nearly black in some places, and also 
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give it a basaltic form. The mining locations are on veins run- 
ning nearly N. and S., following joints and other openings in the 
quartzyte. 

274. Coarsely porphyritic form of the igneous rock of the coun- 
try; from near the trail to Parkerville, about f mile north of the 
lake shore. This rises in a low hill, and superficially disintegrates 
into gravel under the weather. This is just north of the pomt 
where the trail runs over a stony beach, which by aneroid is 52 
feet above Lake Superior. 

The large central vein mentioned as occurring on the south 
shore of Pigeon Point, formerly wrought, can be traced to the 
valley of Pigeon river, where it appears in a high bluflf back of 
Parkerville. It is here about six or eight feet wide, and has 
quartzyte on the west side, and a rock similar to No. 274 on the 
other. It here contains considerable barite. It seens to extend 
beyond into Canada, to the first range of hills. 

The slates and quartzytes at Pigeon River Falls dip south at an 
angle of 15 degrees. The falls come down in a direction S. E. 
over a dyke running N. 50® E. A short distance below the falls 
another dyke crosses the gorge, running nearly E. and W. (E. 10® 
N.) The falls have cut the former dyke more than half its width, 
and have 35 feet left. 

275. Prom the dyke at the brink of Pigeon Fiver Falls, run- 
ning N. 50® E. 

276. From the dyke just below the falls running E. 10® N. 
The falls descend 70 feet purpindicular. These two dykes seem to 
converge toward the hill where No. 26 1 was obtained. 

277. Porphyritic basalt, from a small Island west of Susie Is- 
land, south of the island which furnishes No. 269. This island is 
caused by this dyke, but has the countrv quartzyte Jon the flanks. 
On the east end and north side it dips a little east of south, or as 
the slates at Pigeon River Falls. It rises about 25 feet. 

278. Is from the east end of the long island west of Susie Is- 
land, next south of No. 277; from the. main dyke of the island. 
This island rises about 25 feet and has slates and quartzytes on the 
flanks — at the west end of the island beautifully ripple-marked. 
At a small dyke near the west end of the island the slates are 
caused to dip more rapidly on the west than they do on the east of 
the dyke. This dyke is about 4 feet wide. 

279. From the dyke at the west end of Susie Island. 

280. Rock, like No. 269, and in its bearing: Forms the north 
point that encloses the long bay on the east end of Susie Island, 
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cutting the quartzitic slates that dip south on each side. These 
massive dykes have generally the outward form of Roche mouton- 
ne, and near the water occasionally show glacial lines running in 
the direction of the islands. 

281. From about half a mile from the east end of Susie Island, 
on the south shore, the supposed continuation of one of the 
veins from the main-land of Pigeon Point. It shows heavy spar 
only near the water, but the vein itself is about three feet wide,* 
the ore (bomite (?) and chalcopyrite, being distributed through the 
dark rock-mass of the vein, which seems to be a breccia of basalt of 
the region. There are a number of similar veins (four of them), 
but showing no spar, running in the same direction near this vein, 
some of them being as wide; and still further east are several 
more. 

282. Prophyritic greenstone, from the main dyke of the north 
part of Susie Island. This contains orthoclose and plagioclase as 
well as some quartz and hornblende. 

There is a spar veining running E. and W., or with the direc- 
tion of the island, visible under the water near the shore, about J 
mile west of the vein numbered 281. It is about 8 inches wide, 
and can be seen about 25 feet. It pinches out toward the east, 
and seems to also toward the west. There are several narrow spar 
veins crossing Susie Island, and the little island next west, nearly 
at right angles. 

283. From the larger little island at the west end of Lucille Is- 
land. This rock outwardly appears to be exactly the same as the 
last, but it contains some pyroxene and no quartz. 

284. From the main dyke ( ?) of Lucille Island, on the south 
side. The dyke itself is horizontally basaltic toward the west end 
of the island; and a part of the height of the island is caused by 
a heavy overflow, but perhaps not from this dyke. This dyke 
*' hades " to the south, and is a coarse porphyritic greenstone. The 
samples are from that part that is dyke-like. The surface slopes 
toward the lake. In other parts this island is certainly bedded, 
and embraces parts of the slates, all dipping south; but the slates 
are nearly lost in fusion. 

Lucille is the highest of all these islands, rising about 100 feet. 
There is little or no slate on the outer islands, but more and more 
on those toward the shore, 

286. Red rock, from the first island N. W. of Belle Rose Is- 
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♦Late working on this vein proves very promising, the vein itself becoming more do- 
flned, and wider, a few feet below the surface. 
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land. The south aide of this island is conspicuously red with this 
rock^ but the north side appears of the usual color. Jt is embraced, 
between two or three narrow basaltic dykes. As the dykes crum- 
ble bj reason of their more close jointage, the surfaces of this red- 
rock stand out in yiew. The island next further N. W. appears 
reddish the same way on the south side. None are red on the 
north side. 

The island south of Lucille Island is a bare rock, in form like 
the rest mentioned, but has no soil, rising but little above the 
water. 

286. Black basaltic rock, from the narrow dyke adjoining No.. 
285. 

These islands, with perhaps the exception of Lucille, are all 
built on the same plan. They are igneous at the center, and are 
sometimes associated with some slate on the flanks. They are 
sometimes composed of two or more large dykes, and frequently 
show crossdykes radiating from the main line. The dykes are 
shaped and distributed as the slates broke on the upheaval of the 
land-ranges or hills, since the slates always dip toward the lake,. 
These dykes have no eilect on the dip of the slates — with perhaps 
one exception, which is visible on the south side of Lucille Island, 
near the west extremity, where there seems such irregularity as to- 
suggest an independent fracture or outflow. 

Lucille Island consists mainly, so far as height is concerned, of 
successive beds of massive greenstone, which in their lower parts 
are somewhat slaty, as if the slates at first were embraced, and they 
all dip lakeward, but a wide dyke runs from one end to the other. 
The islands are scantily wooded, the slaty ones more so. 

The point that encloses Morrison's Bay is a quartzyte monoclinal,. 
that dips to the lake. The bay has a pebbly beach, but with rocky 
outcrops of the same kind near the bite of the bay, and also on the 
coast about north from the point. The last runs east so as to en- 
close Chirk's Bay in the same manner. The point, however, enclos- 
ing Clark's Bay terminates by a dyke about 20 feet wide, which 
runs also through the islands off* this point. The islands and the 
point have the same structure — an immense dyke that *' hades'' to 
the south. In this dyke near the point are two crooked cores of 
calc and heavy spar carrying pyrites. 

The coast of Clark's Bay is wholly rocky, except a short inverval 

at the head of the bay, and the hills on the north side rise perhaps 

125 feet, composed of a huge dyke that forms, apparently, the axis 

and core of Pigeon Point peninsula. The points enclosing Clark's j 
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and Morrison's Bays are nothing but repetitions of the off-lying 
islands further southwest — sudden outbursts of trap through fiss- 
ures in the quartzyte causing scattered islands, or sharp elevations. 
Back of these two ploints are traces of the lake-shore action, that 
once actually made an island of Clark's Bay point, and also ran far 
inland back of Morrison's Bay. The same phenomenon is repeated 
in Pigeon Point itself. It was formerly an island, and Pigeon Bay 
was connected with Wauswaugoning Bay. Low flat land now oc- 
cupies the intervening space as a terrace of Pigeon river. Parker- 
ville is on this flat (or " cypress swamp"), which extends to Waus- 
waugoning Bay, being about a mile and a quarter in area. 

287. From the big dyke (like No. 274), the axis of Pigeon 
Point, near the location of Baker & Kendrid's barite vein. 

288. Fine green rock, from the shaft at the barite vein. 
288. A. Calcite, barite, &c., from the shaft.* 

288. B. Samples from vein (b) near the shaft. 

289. The country rock, at the barite vein. This is f quartz. 

290. Fair samples of the quartzyte of the region — the chief 
rock of Pigeon Point peninsula, as exhibited on the south shore: 
obtained three miles west of the extremity. This is a dark-red or 
brownish quartzyte becoming black near the dykes, and in some 
places having red orthoclase mixed with the quartz grains. 

Quarter of a mile east of Kindred & Baker's shaft is a dyke 45 
feet wide that runs south 40^ E. It is unnecessary to mention 
and sample all the dykes, some of which are narrow and run in 
different directions. A large dyke terminates, or runs under the 
lake, with a high hill at the shore, at the point where the section 
line between 26 and 27 strikes the south shore. Three smaller 
dykes terminate in a similar way a few rods west. Other points 
are formed in the same way. At the canoe portage Canada can be 
seen*across the point, and the point is very narrow. This high 
point is just west of this portage. Approaching the extremity of 
the peninsula, the igneous rock becomes more frequent in outcrop, 
by being interbedded, and by frequent branch dykes. The dykes 
rise like those in the islands and fall again soon. (See Nos. 604- 
616. 

291. From the extremity of Pigeon Point Peninsula (compare 
No. 603). This seems to be the principal rock axis of the penin- 
sula, and probably in the line of bearing of Nos. 287 and 274. 
This rock is not evidently a dyke here, but a massively bedded, or 



*For a brief account of this location, and the ores found, consult the Seventh Annual 
Report, p. 16. 



Digitized by 



Google 



70 AKNUAL REPORT. 

coarsely jointed formation which extends west, and soon rises over 
50 feet from the water, and shows a basaltic, mountain-like struc- 
ture. It resembles the rock and structure of Rice Point, and may 
be parallelized with it in age, and here is associated, as there, with 
a red, metamorphosed rock. Here, however, it is a part of the 
Animikie beds, of Dr. T. Sterry Hunt, which would therefore 
seem to be only a downward extension of the Cupriferous Series. 
This rock breaks down at the canoe portage, about a mile west of 
the extremity of the peninsula, and only a pebbly beach forms the 
continuation of the land, which is but few rods across. 

292. The next rock, just west of the canoe portage, on the north 
shore of the peninsula, forms a similar kind of coast; also is heav- 
ily jointed and bedded like No. 291; but it is red with orthoclose. 
The microscope reveals also hornblende and quartz; occasionally, 
also, IS a grain of a milk-white, foliated, soft mineral. This is a 
granular rock, derived from the fusion and crystallization of the 
associated sedimentary beds. It weathers and parts as if a con- 
glomerate near the water. This rock continues but a short dis- 
tance, making one blunt point, when the features and color of No. 
291 return again. (See the notes on Nos. 604-613). 

293. From the north shore of Pigeon Point, about a mile and 
a half from Pigeon river. This forms the coast line, and high 
hills, and fairly represents the north shore of the peninsula from 
the Point to this place. There is no quartzyte. Near this point 
is a high blufif of fine basalt, closely and irregularly jointed, crum- 
bling out in small angular pieces, continuing about 50 feet, forc- 
ing a round, broad point. 

At about half a mile from the river the coast-rock changes, be- 
coming quartzyte and slate, dipping to the south. Just here, or 
within a rod or two, appears the baryte vein that is shafted by 
Kindred and Baker on the south side, but it is in the slates and 
quartzyte. It is about 25 inches wide. It here runs E. 25® S. 
The mass of the vein is baryte, but seems also to contain 
calcite, as the baryte is porous and cavernous, and is sepa- 
rated from the walls by solution of some other minerals. The 
same ores in small quantities are visible in the veins and small in- 
cluded altered pieces of slat^ or quartzyte, especially the pyrite. 
The slates and quartzyte continue to the mouth of the river, but 
there a range of hills sets in immediately on the south side, which 
continues to the south of Parkerville, where they consist of coarse- 
ly porphyritic rock, like the rock No. 274. These hills are wooded 
down to the river. This range dies out before r^^bi^K^W^lswau^QQlp 
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goning Bay, and to the north runs a larger range from which was 
obtained No. 261. West of the last vein mentioned, about 400 
feet, .is a two foot vein of calcspar, near the ^mouth of Pigeon 
river, running S. S. E, in the traprock of the country. It dips 
slightly to the east. No working has been done here. Superfi- 
cially it shows only calcite, sometimes saccharoidal. 

Mayhew's location, which is about 3 miles west of Cascade river, 
comprises a series of veins in a loose network, running in various 
directions, varying from ^ inch to 6 inches in width. They appear 
under the water near the shore, and show white, embraced in the 
traprock of the country. They contain calcite, laumontite, stilbite 
and other minerals. The ore is what is styled " gray copper ore,'' 
tut without the authority of any analysis by the survey. It ap- 
pears like that from the vein on Susie Island, south of Pigeon 
Point. The rock round about is frequently veined, and parts with 
red " heulanditic *' coatings, so named by Norwood. It crumbles, 
on weathering, to a coarse gravel, of a dirty green color. It also 
has haematitic red spots on the weathered surface. The main di- 
rection of the net-work of veins is W. 19° N., having a width of 
about four feet. But the lead that has been wrought by shafting 
produced masses of the ore from between wall rocks, indicating a 
width of ore of 4 inches. 

From Grand Portage to Squagtnaw Bridge^ along tJie International 

Boundary. 

From Grand Portage Bay the portage trail follows the main 
creek about a mile and a half, when it leaves the valley of the creek 
and continues more nearly in a right line, but to the east of the 
creek. At three miles on the trail it crosses a creek which runs 
northward into Pigeon river and is cut about 50 feet into the non- 
terraced deposits of the plain. The trail rises 537 feet above the 
lake at a point half a mile south of this crossing, the ascent being 
gradual all the way, and nearly in a right line, over a glacier de- 
posit that also gradually rises from the flat on which the church 
stands at Grand Portage. A glacier valley now filled partly with 
till extends thus northward from Grand Portage, and has by its 
smooth upper contour determined the location of the portage trail. 
Before reaching the highest point there is a level tract of half a 
mile of glacier clay, good land, once timbered, now burned over. 
Passing the notch in the hill range, the trail soon descends about 
70 feet to this creek, and the main glacier plain, which is here a 
6 
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mile wide (No. 5), and rises toward the northwest. The ice-move- 
ment was toward the east or southeast, sending a spur from the 
glacier through the notch where the trail goes, that finally reached 
Lake Superior. The principal glacier plain is bounded on the north 
by another range of hills resembling those along the south side, 
thus holding this ice-flow in a trough. This plain is a fine tract of 
clay land, suitable for all cultivation adapted to this latitude. The 
soil is not strong, but mostly a fine clay, or a pebbly clay. The 
hill immediately south of the creek crossing rises, by aneroid, 335 
feet above the creek, and 225 feet higher than the trail. 

294. A globuliferous weathering doleryte (perhaps a mela- 
phyre), from the hills next north of the glacier plain above de- 
scribed, near the point where the *' Arrow river trail " crosses them. 

The hill to the south of the creek-crossing, rising about 355 feet 
above the creek, is of igneous rock, dark colored, weathering grey, 
consisting of plagioclase and pyroxene exactly like the rocks of 
number 294; 293 and 291, and this rock seems to constitute the 
whole of the hill, and of the country about. Yet judging from 
the slate seen along the lake shore, forming the lower slopes of the 
hills, the slate and quartzyte formation is the real rock of the coun- 
try, and this igneous rock simply has been thrust through it. 
Being more firm, and afterwards glaciated, it has come to be near- 
ly the only rock visible. This is also farther indicated by the 
presence of much fragmentary slate in the drift clays of the val- 
ley, and even of some fragments of slaty quartzyte on the upper 
slopes of this hill. There are also some gneiss boulders on the 
very top of this hill. 

This hill is only one of a short series running about N. E. and 
S. W. overlapped en echelon by others further east. There is here 
no evidence of any extensive dyke, or line of fracture in the strat- 
ified rocks continuous in one direction, but rather of several short 
fractures. 

From the creek crossing above mentioned the trail ascends 
gradually over a deposit of till, mainly smooth, to the summit of 
the portage, 783 feet above Lake Superior, and five miles from 
Grand Portage village. This clay deposit was once wholly wooded 
with pine, aspen, birch, spruce, tamarack and cedar; but in 1873 
it was devastated by fire accidentally set by an Indian. The hills 
also were timbered but now are charred and treeless as far as the 
eye can discern. Toward the northwest, this smooth clayey drift 
deposit continues to the summit near which is a frequent stopping 
place for voyageurs. A low cleft, among some trap rocks, near j 
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the trail on the right, furnishes water and a half way stopping 
place. The whole country here, however, is high and clay-covered, • 
nearly on a level with the top of the hill at the creek crossing. 
The water found is on a lower level, and on the descent to Pigeon 
River. By Aneroid, Pigeon River at the end of the trail is 697 
feet above Lake Superior. 

There is but little rock exposure oji the trail, after leaving the 
creek crossing mentioned, and the most of that is near the upper 
end of the trail, or within one-half mile of Pigeon River. In one 
place the trail passes over a glaciated surface of rock No. 294, 
nearly in the line of the range from w^hich 294 was taken, but 
further north, but the rock does not rise above the trail. In 
passing further, a few other similar exposures occur, but some of 
them are of a harsh non-igneous rock, somewhat slaty in places, viz: 

295. Bedded, of a greenish-gray color, fine grain and somewhat 
slaty structure; near the upper end of Grand Portage trail; prob- 
ably from the slaty formation of Grand Portage. Just below the 
portage landing Pigeon River has a little rapid and then all the 
way below there is no possibility of canoeing till after passing 
Pigeon River Falls near Parkerville. The rock which first appears 
near the portage landing is No. 295, dipping S. 10® E. at an angle 
of about 10 degrees. The course of the river here is north; it 
continues about a mile northwestwardly (up stream) when a 
portage of \ mile is made up an ascent of 67 feet. This is known 
as Partridge Portage. Except a strip of about two miles on the 
grand portage beginning at 4| miles from Grand Portage village, 
the whole country is burnt off. Immediately below the upper end 
of Partridge Portage is a fall in the river, nearly perpendicular, of 
about 40 feet. The rest of the descent is in the rapids. The 
brink of the falls is of slate, ripple-marked, dipping S. about 12 
degrees. 

296. The slate of the brink is immediately replaced in the 
gorge by a dyke (296) which at first is perpendicularly jointed; 
but after about 75 feet it becomes more globuliferous-weathering, 
and crumbling. These two aspects together occupy a distance 
of 110 paces down stream, and are the axis of the uplift producing 
the hill range. This is supposed to be the same hill range as that 
from which was obtained No. 294. Below this axis comes a rock 
like No. 295. This dyke No. 296 is nearly cut through in the 
recession of the falls, there being but a few joints of it left stand- 
ing vertical toward the foot of the fall. These break the fall of 
the water. The slate will probably endure the erosion better than 
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the dyke, its position (dip up stream) affording greater protection 
from the current. The dyke here runs W. 5® N. About 26 feet 
below the foot of the fall, a narrow vein of pyrite and calcite 
crosses the gorge. In high water it is entirely covered. The per- 
pendicularly jointed part of this dyke which receives the impact of 
the falling water at present, has very much the aspect of being a 
metamorphic condition of the slates themselves; basal tified by the 
real igneous rock which is seen to crumble with a globuliferous 
disintegration. 

Canoeing about four miles the ascent is about 5 feet, when the 
river becomes shallow and the canoe is dragged slowly for nearly a 
mile, the ascent being 17 feet, to English Portage, when an as- 
cent of 15 feet ensues, the portage being about | mile. At the 
upper end, where the rapids occur, is a low exposure of 

297. Rock like No. 296. Toward the S. W., about a mile, is 
visible a hill rising about 300 feet above the river. This rapid is a 
part of the eiFect of this hill-range. Another hill, on the Canadi- 
an side, is in range N. E. from this, the rapids being between 
them. 

Above English Portage canoeing one mile gives an ascent of 3 
feet, when the fourth portage is reached. This extends about | 
of a mile, with an ascent of 25 feet. Adding for ascent to the 
foot of S. Fowl portage (canoeing) 2 feet, and for the ascent of S. 
Fowl Portage (5th portage) to S. Fowl Lake, 102 feet, the hight of 
S. Fowl Lake above L. Superior is found to be 933 feet. 

The two portages below the S. Fowl portage aflford no rock ex- 
posure. A hill range, however, can generally be seen off south of 
the river, one or two miles away, between the last portage and S. 
Fowl Portage. The drift clay is everywhere red. The S. Fowl 
Portage is one mile long. A trap hill rises to the hight of 1,260 
feet above Lake Superior, just at the landing place at the head of 
S. Fowl Portage, near the foot of S. Fowl Lake, which is perpen- 
dicular from the lake shore, except a coarse and high talus. This 
hill is 327 feet high, by aneroid, but it is only one of a series of 
hills running west 25® N., two of which, about 100 feet higher 
than this, are on the United States side of the river, and also near 
the lake, but l)earing away from it. West from this (or S. W.) is 
a high and large range of wooded hills running N. W. 

298. Is the basaltic rock composing the top of the hill at the . 
foot of S. Fowl Lake. At the foot of this hill, on the west side is 

a copious talus, which also lies in a shaded gorge which slopes N. 
and is protected from the warm sun of the summer. At the foot 
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of this talus, where this gorge approaches the lake, near the end 
of the trail, is a spring of ice-cold water, which is said to never 
dry up, nor to become warmer. It is probably fed by perpetual 
ice protected in this gorge by the coarse fallen pieces of the talus 
from the warmth of summer. The presence of this perpetual ice 
is further indicated by the rank mosses growing on the rocks 
about, sustained by the condensed moisture due to the coolness of 
the gorge. 

About one-third of the hight of this hill is composed of the 
black and quartzyte slates, dipping south at an angle of about 8 de- ^ 

grees. This is visible and most accessible on the north face of the 
bluff. The rest above is an igneous overflow, in basaltic structure 
perpendicular to the slate beds. 

299. Fragment of the slate from below No. 898; ten feet below 
contact. 

At the outlet of S. Fowl Lake, which is between two bluffs of 
igneous rock, the west one being about 100 ft. high, there is a 
dyke of black basalt about 8ft. wide, passing through the doleryte 
(298) running E. and W. 

A short distance above N. Fowl Lake, is the foot of the 6th 
portage, going over Canadian soil, which, with a partial unloading 
of the canoe before reaching it, on account of shoal water, amounts 
to about ^ mile, and ascends 48 feet, to the level of Moose Lake, 
985 feet over L. Superior. Ascent over South and North Fowl ' 

Lakes perhaps. 4 feet. It is noticeable that more land is burnt over 
along here on the United States side of the boundary than on the 
other. Some tracts largely covered with pine at fii*st have been , 

devastated on the United States side, especially along Nortli Fowl 
Lake and Moose Lake. The south side of Moose Lake is formed | 

by slate hills, or a ridge of slate made by the strike, the dip being j 

towai'd the south or a little west of south. The country is largely 
drift-covered ; indeed has been everywhere glaciated, but as yet it 
has been impossible to ascertain, by glacial marks /;/ sitii^ the 
direction of the movement, though it was probably the direction 
of the valleys, eastwardly or south-eastwardly. The forms of the 
hill-tops, and particularly that at the foot of S. Fowl Lake, are 
like that seen in the Saw Teeth Mountains, and generally along 
the shore of Lake Superior. They slope gently toward Lake Su- 
perior, but are precipitous or perpendicular toward the laud. 
Hence, looked at obliquely from a distance, they occur in very much 
the successive outline as the teeth of a saw. It seems as if the ^ j 

precipitous sides facing the northwest are caused by the action of^igitizedby VjOOglC 
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glacial ice on the geological structure. If the hills are entirely of 
igneous origin, and their axes are deep dykes running to the in- 
terior of the crust, then they are bald and basaltic on that side be- 
cause of the greater violence of glacial forces from that direction. 
But if the hills are caused by overflows of igneous matter, with the 
strata below dipping towards the lake, the saw teeth form has 
been wrought out more easily by the combination of glacial causes 
with a favorable direction of dip, — which is the case in the bluiFs 
south of S. Fowl Lake, and east of N. Fowl Lake. 

300. Coarse, almost porphyritic, igneous rock. S. W. \ Sec. 
30, T. 65, 3 E., from a hill composed partly of this and partly of 
slate. This hill rises 485 feet above Moose Lake, 1,470 feet above 
Lake Superior, and 2,070 feet above the ocean, being one of the 
highest points yet measured in the State. This is but one of a 
series of similar hills, some of which perhaps rise higher. 

West of Moose Lake is the seventh portage, on the Canada side 
of the boundary, about ^ mile long, rising 130 feet. This trail 
passes through a surveyed n^ining location. It goes over the slates 
of the country, though the rock is oftener a gray quartzyte than 
a true slate. It is interstratified with what appears like true roof- 
ing slate, and is often black with contained carbon. It is all apt 
to be in beds less than 3 inches thick, but the gray quartzyte also 
appears sometimes in beds of 6 or 8 inches or a foot. The Pigeon 
river here is very insignificant. 

Passing a small lake the eighth portage begins, which is also on 
Canadian soil, and about 1-6 mile long, ascending 15 feet. 

Passing another small lake the canoe route has its ninth portage 
which leads to Mountain Lake. These two small lakes are styled 
Twin Lily lakes, named from the abundance of Nymphwa odorata 
which spreads its leaves all over their surfaces. Mountain Lake is 
1,150 feet above L. Superior. 

There is a hight of land on the section line between Sees. 21 and 
22, south of the *' narrows" of Mountain Lake, which rises 353 
feet above Mountain Lake, or 2,103 feet above the ocean, being the 
highest land yet measured in the State. A few rods further west 
the ridge rises 15 feet higher, and in the distance (S.) is a ridge 
which is probably the real *' Mesabi," which rises several hundred 
feet higher. 

These hills are all short mono-clinals of gray quartzyte, with 
beds of argillaceous and black slate, dipping uniformly in a south- 
erly direction, and covered with a greater or less thickness of the 
traprock of the country (like No. 300), the trap L^^ffifJij^^sJ^^ftg^i 
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over one hundred feet thick, but generally less than fifty feet, and 
often the only rock seen, the lower beds being hid by the copious 
talus. The slate in some places has a dip slightly S. W., and the 
inclination amounts usually to about 8 or 10 degrees. The trap 
itself also dips with the slate, so that the hills have gradual slopes 
toward the south and steep slopes toward the north, or are perpen- 
dicular — indeed they most frequently are perpendicular for about 
25 feet from the top, or even 100 feet, the trap having a widely 
basaltic structure, which causes it to fall away in perpendicular 
columns; the slate and quartzyte also have frequent perpendicular 
jointage planes, which also facilitate the perpendicular breaking of 
these beds. The quartzyte is evenly and conspicuously |bedded 
without any confusion, but alternates both gradually and suddenly, 
with the black argillaceous slate. The most of it, so far as seen to 
this place, is gray quartzyte. This quartzyte must be an immense 
formation, as it is that seen at Grand Portage, and all over Pigeon 
Point and the islands of the point. Still it cannot be estimated, 
fairly from what appears to this place along the boundary line, 
since that line nearly coincides with the line of strike. 

Several important questions, pertaining to the geognosy of 
this formation, arise in an attempt to describe it, which must 
for the present remain unanswered, but which perhaps future ex- 
aminations may solve. 

1st. Is this trap older than the uplift of the hills, or did it 
come over the country when the uplift occurred? 

2d. Are the dykes that are seen crossing this trap (as at the 
foot of S. Fowl Lake) of the same age as the trap, or are they sub- 
sequent to ity 

3d. How much of the topography here is due to glaciation ? 

4th. Do the monoclinal hills run under each other, or are they 
each separate and isolated uplifts? 

5th- Can these beds of supposed igneous rock be due to a 
change in the sedimentary rocks instead of igneous overflow ? 

6th. Why is there an entire absence of amygdaloid ? 

The portage from Mountain Lake to Rove Lake descends 3 feet, 
passing over a divide of perhaps 20 feet high between the two 
lakes. Hence the "dividing ridge" on the boundary line is 1170 
feet above Lake Superior, or 1770 feet above the sea level. 

301. Vein matter from Kindred and Baker's shaft on the 
White Rose vein, near Arrow Lake in Canada. This is about IJ 
miles north of the east end of the first lake west of Mountain Lake. 
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For an account of this location the reader is referred to the 
Seventh Annual Report, p. 17. 

302. Vein matter from Baker's shaft on the White Rose vein. 

It seems a common thing to see quartz veins near the perpen- 
dicular walls of the mono-clinal hills, as if by a series of faults 
they had been located there on the upheaval and breaking of the 
rock. They are apt to be hid by talus on the north side of these 
hills, but are sometimes seen standing by the side of the bluff, or 
adherent to it, some distance above the talus. 

Daniel's Lake is 28 feet lower than Rove Lake or 1119 feet 
above Lake Superior. Some very high hills of slate and quartzyte, 
covered with the trap rock of the country, are along the south side 
of Rove Lake running westward to the south side of Daniel's Lake. 

The portage from Daniel's Lake to Birch Lake (Bearskin Lake 
on the plats, wrongly named by the surveyors) ascends 24 feet; 
from Birch Lake to the lake south of Birch Lake the portage 
ascends 7 feet; thence to the lake on section 6, T. 6i N. 1 E. 51 
feet, making this lake 1201 feet above Lake Superior; thence to 
Bearskin Lake, descent 23 feet; thence to large lake N. E. J Sec. 
», T. 61, 1 E, descent 16 feet, 1162 feet above Lake Superior. 

There appears to be no change in the geology ol the country, 
except that the mono-clinal hills of quartzyte covered by trap, are 
not so high as along the lakes further north. 

The portage from the last lake is on S. W. ^ Sec. 1, and deswjends 
6 feet to a lake on S. W.J Sec. 1 ; thence a portage to Fanny Lake 
ascends 14 feet, making Fanny Lake 1170 feet above Lake Super- 
ior. For an account of mining operations on Lake Miranda, by 
Mr. Wm. P. Spalding, the reader is referred to the Seventh Annual 
Report, page 18. 

Lake Miranda is 61 feet higher than Lake Fanny, and Pine Lake 
is 279 feet lower than Lake Miranda. The highest lake level yet 
measured is Lake Miranda, 1231 feet over Lake Superior. 

Descent to McFarland's Lake, via Pine river, 1 foot; McFar- 
land's Lake over Lake Superior, 951 feet. John Lake is about a 
foot lower than McFarland's Lake. The descent to S. Fowl Lake 
must be about 18 feet, according to the ascertained level of S. Fowl 
Lake. 

Consult the Seventh Annual Report for an account of McFar- 
land's mining location, page 20; also of Johnson's on the S. E. J 
Sec. 32, T. 65, 3 E. 

About i mile east of Johnson's shaft is a bare glaciated surface 
of trap, crossed by the trail from John Lake. The whole surface 
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slopes south, toward the axis of the valley, and the marks gener« 
ally run N. and S. and some also E. of N. and W. of S. There i» 
here also a superficial checking, or chipping comparable to that 
seen in Rock county, but less closely set. The checks appear by 
the shape of the pieces, that come out after burning, as well as by 
the freshly uncovered surface where no fire has loosened them.. 
Their concave sides are generally toward the northwest. 

303. Apparently auriferous quartzyte from the large quartz vein 
near the south shore of Pine Lake, on S. K J Sec. 31, T. 65 N.^ 
R. 1 E. (Consult the Seventh Annual Report, p 21). 

The small lake at the east end of Cariboo Lake is 90 feet higher 
than Pine Lake, and Cariboo Lake is 5 feet still higher, or 1047 
feet higher than Lake Superior. Clearwater Lake is 1159 feet over 
Lake Superior; thence to Mountain Lake is a descent of 5 feet, 
making Mountain Lake again, after a series of scattered aneroid 
observations since leaving it, 1154 feet above Lake Superior — or 4 
feet higher than by the former observation. This check on Moun- 
tain Lake, after an interval from Sept. 7th to the 15th, and through 
a line of elevations carried through Rove Lake, Daniel's Lake, Birch 
Lake, lake south of Birch Lake, lake in Sec. 6, T. 641, Bear-Skin 
Lake, lake N. E. i Sec. 9, T. 64, 1; lake S. W. J Sec. 1, Fanny 
Lake, Miranda Lake, Pine Lake, McFarland's Lake, Pine river,, 
small lake east end of Cariboo Lake, Cariboo Lake, and Clearwater 
Lake, with intervening portages and various weather, is a proof of 
the usefulness and also the correctness of the aneroid observa- 
tions. 

On the portage from Clearwater Lake to Mountain Lake the 
trail passes over an interval near the summit of the divide where 
the quai'tzyte dips N. W. Several short, low, sharp monoclinals 
occur, crossing the tnul diagonally. They are inconspicuous com- 
pared with the mono-clinals dipping in the other direction. The 
high hill, however, facing on Mountain Lake, just east of where 
the trail strikes it, dips in the opposite direction. Another point 
where the slate dips northwardly may be seen along the east end 
of Caribo Lake on the north side. 

In making the portage between Mountain and Rove Lakes one 
is struck with the simplicity of the international boundary line* 
It is the narrow, crooked Indian trail running between the lakes,, 
and the United States land surveyors meandered up to it and set 
stakes, the same as to a lake shore. 

Mud Lake is 125 feet below Rove Lake. The trail, in passing: 

over this portage, rims on the top of a ridge which has the appear- C^OOqIp 
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ance of a kame, for the distance of fifteen or twenty rods. This 
is somewhat nearer Rove Lake than Mud Lake. The ridge is steep 
on both sides, and over 50 feet high in some places. In others it 
is narrow and slightly deflected from its course. It runs rudely 
parallel with the valley in which the trail lies. 

While the general explanation, already given, of the structure 
of the hills of this country is correct, yet there are exceptions and 
irregularities throwing the dip out of its southerly direction. 
Sometimes the crust seems to be faulted on both sides, or nearly all 
sideS; of a hill, the trap rising basaltically above the talus nearly 
all round. 

High hills border Mud Lake, especially on the south and west 
sides. The drainage from Duncan's Lake into Mud Lake, and 
thence to Arrow Lake and Pigeon river. 

Rat Lake is 6 ft. higher than Mud Lake, via Rat Portage ; and 
South Lake is 29 ft. still higher, or 1057 feet above Lake Su- 
perior. The outlet of South Lake is into Rat Lalce. North Lake 
has the same level as South Lake. 

Between North and South Lakes is a low divide, perhaps 40 feet 
higher than the lakes, which actually forms the divide between 
waters flowing to Lake Superior and to Lake of the Woods, and 
•should be so designated on Minnesota maps, instead of the divide 
l>etween Mountain and Rove Lakes. Mountain, Rove, Mud and 
South Lakes discharge into Lake Superior, but take the Arrow 
river channel through Canadian territory, to reach Pigeon river. 
This divide then is 1097 ft. above Lake Superior, and 1697 above 
the sea. North and South Lakes, being on the same level, probab- 
ly have a connection, but their overland visible outlets flow in op- 
posite directions. The divide between them is a low ridge of the 
usual trap of the country. The south shore of North Lake has a 
sandy beach at the portage landing, plentifully intermingled with 
colored flint and jasper. The ''gunflint" beds are reported to be 
•exposed on the portage trail from North Lake to Northern Light 
Lake, and between North Lake and the next lake north. 

304. Guided by this, and the topography, the same beds were 
discovered in the long, low point separating North Lake into two 
arms. These beds are confused, but yet a part, probably, of the 
•quartzyte formation seen all the way from Pigeon [Point to this 
place, and underlie it. They are nearly a red jasper, or jaspery 
bloodstone, in some places red, but varying also to blue and green- 
ish, and passing also to white quartz, the greater part being blue- 

ish-black. La the bloodstone the matrix of the red globules weath- 
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ers away faster than the globules themselves, producing a reticula- 
ted fine roughness on the surface. 

305. Near the head of the bay, just east of the first narrows, in 
the outlet to North Lake, is an outcrop of this rock on the north 
side of the boundary. This, of course, underlies the gunflint beds. 
It is a granular rock, crystalline, rather coarse, firm and dark col- 
ored, containing much amphibole. Its other constituents are or- 
thoclase and quartz, with a little biotite. It is in low, irregular 
knolls, and is veined and blotched with irregularities of composi- 
tion, one vein being the next number. (Compare No. 718). 

306. Which is finer-grained, much lighter-colored and consists 
almost solely of grains of quartz and orthoclase, with scattered 
films of biotite. 

Passing through the '* narrows" there is a descent of four feet, 
into a slow, broad stream or narrower portion of the bay, known 
as Gunflint river. These narrows are not represented on the sur- 
veyors' plats. 

There is, along this bay and stream, an unseen interval between 
Nos. 304 and 305, which may amount to two or three hundred feet, 
the space being occupied by water. 

307. From the Gunflint series, a mile further west, on the south 
side of the long arm, very irony and carbonaceous. The quartzyte 
formation seems to graduate downward into the gunflint rocks. 
This rock is a carbonaceous and pyritif erous shale, firm and heavy, 
with flinty nodules, not well exposed, but embracing perhaps two 
feet. 

There is a considerable current, and a descent of about one foot 
into Gunflint Lake, which, therefore, is 1,052 feet above Lake Su- 
perior. 

A beach of coarse sand along the head of this lake, as well as 
that on the south shore of North Lake, presents a novelty in the 
characters of the shores of the northern lakes, which are generally 
either of bare rock in situ^ or of pieces from the bluffs adjoining. 
This sand seems to imply a rock easily disintegrating in this series. 
The sand itself consists mostly of quartz and orthoclase, some of 
it being of granular rock like No. 306. 

308. The trap of the country; south side of Gunflint Lake. 
Sec 24 T. 65, 3 W. (Compare Nos. 721-27). 

309. Hydromica slate (?); from the north side of Gunflint Lake, 
about half way from the eastern extremity. This rock rises in 
knolls and hills one above the other irregularly disposed. The 
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slates stand nearly vertical, running E. 20® N. This passes in- 
sensibly into the next. 

310. Rock, magnesian, yet harsh and firm, with grains of free 
quartz; of a light green color. Into this the slate graduates, back 
and forth. This resembles some forms of the slates at Thompson, 
on the St. Louis river. (See 469). 

311. Greenish porphyritic rock (with albite?) having an imper- 
fect,|schistose and fibrous structure, and some free quartz; em- 
braced much like veins in the slate No. 310. It is not vein matter, 
but gradually changes to the slate right or left, the slates standing 
nearly vertical and running E. 20® N. In this slate are also some 
large veins of milky quartz. 

This outcrop is supposed to belong to what the Canadian Geolo- 
gists have styled the Huronian. It underlies the quartzyte and 
gunflint beds, apparently unconformably. At least it is another 
and distinct formation from the slates at Grand Portage. 

On the south side of Gunflint Lake, a little further west than 
the last, is a low outcrop of rock like No. 312, which occurs strewn 
in fragments along the beach more or less on the south side of the 
lake, and at the east end. When broken freshly it has the appear- 
ance of a gray quartzyte embracing fragments of flint, or finer 
quartzyte, somewhat like a conglomerate. The matrix is coated, 
on the weathered surfaces, with a film of iron-rust derived from 
the rock itself, but the siliceous fragments it embraces are not so 
coated. This appears again, in a low exposure, on the north side 
of the lake, about a mile still farther west, and here shows plainly 
a conglomeritic structure and composition. 

312. Quartzyte conglomerate; from N. shore of Gunflint Lake, 
west of the outcrop of Nos. 310 and 311, in a belt running to the 
south of these. At the exposures of the rocks 310 and 311 the 
north shore is bent northward abrubtly, bringing the water upon 
them, the strike of No. 312 forming E. and W. points on either 
side, enclosing a bay which breaks down and covers No. 312. 
This conglomerate, or breccia appears on both sides of the lake, 
nearly opposite. The fragments are of gray quartzyte and flint, 
all angular, not water-worn. Sometimes the flint seems to run 
through the rock as if in its sedimentary position. The matrix is 
coated with an iron rust, derived from the oxidation of siderite 
which constitutes a large per cent, of the rock, making a permar 
nent film all over it. The flinty pieces embraced in it are not 
thus coated. The whole is contorted in bedding and broken; it 
pertains to near the base of the series. (See after No. 927). This 
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carbonate of iron probably derived the carbon from the associated 
slates, which are sometimes black with it. In other places the 
iron is a sesquioxide — or in some places it seems to be disseminated 
as a sulphuret, as in No. 307. 

313. Granite, from N. E. J Sec. 24, T. 66, R. 4 W. 

313. Granite (with garnets?), from S. E. i Sec. 13, T. 65, N. 
R. 4 W. Rock of this kine seems to compose the range of hills 
that mn westwardly from here, and also eastwardly, in Canada. 
Where this range crosses the river, there is a narrow place, and 
rapids (2 ft. fall); but south of this the level is that of Gunflint 
Lake. But in about 40 rods further north are falls and cascades, 
over the same rock, the descent being 14 feet. 

315. Granite from the falls, next north of Gunflint Lake, (same 
as No. 800). This granite is similar to the rock 305, but has gen- 
erally less amphibole and more quartz. This and that, and the 
l^t belong to the same formation and class of rocks, and are in 
the same range of hills. 

After a descent by the river through rapids, about three feet, a 
small portage is necessary round a fall in the river amounting to 
33 feet. 

At the foot of this portage the level of the river was found, in 
1878, to be about four feet lower than usual, even for low water, 
and a wide, freshly drained tract round the shores, showed that 
there had been some channel lately acquired by the river at a low- 
er level, or that like Sunken Lake, in Presque Isle county, Michi- 
gan, some underground passage was at that time able to carry the 
whole stream, since the river wholly disappeared, having no visible 
overland flow. The last water seen at this place was 1030 ft. above 
L Superior. 

Making a portage of about half a mile the trail strikes water 
again after a descent of 52 feet, at N. E. comer T, 65 4 W. in a 
lake. Through this portage the rock is the same as No. 313 and 
314. The country however is not so hilly as in the quartzyte and 
slate. 

Passing two short rapids, one of 4 ft. fall, and the other of 2 
feet, a portage is made on the U. S. side, to the level of a little 
lake, descending 18 feet, with the same granite all the way. 
Oranite outcrops frequently through this town, along the bounda- 
ry line, and sometimes has a bedding, though indistinct, that dips 
to the south. After striking the granite, the country loses white 
pine, and is supplied more abundantly with Banks pine. Norway 
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pine is also smaller, as well as all other trees. The knobs every- 
where are moiUonne-ed, 

Below the last little lake a rapid descends 6 feet; then again by 
the same means 7 feet in two small rapids; and again 8 feet to 
Banks' Pine Lake, which is found to have a level of 930 feet 
above L. Superior. It is a long (4 or 5 miles) narrow lake, running 
N. N. W., reaching within | mile of Saganaga Lake, its eastern 
extension swinging to the north and again east and southeast, with 
islands. Below this lake are two rapids, one of 8 feet and one of 
6 feet, bringing the river to Saganaga Lake, with a level of 916 
feet over Lake Superior. 

316. Granite, from the rock a few rods below these rapids; occa- 
casionally dipping S. (See No. 799). 

317. From an island in L. Saganaga, on Sec. 5, T. 66, R. 4 W. 
Lake Saganaga * has many islands, and all are of the same rock, 

scantily timbered with Banks' and Norway pine, with a sprinkling 
of aspen and birches, and of course spruce, tamarack and balsam in 
suitable situations. 

318. White quartz, from a mass on the east side of an island 
in N. W. i Sec. 14. This has been some drilled into and blasted, 
but the quartz seems to be a barren mass. It is milky white, and 
has no ascertainable direction or form. It makes a conspicuous ap- 
pearance on the coast, and extends along about 3 rods, rising about 
12 feet. It does not appear inland far, nor on the other side of 
the island. It has an amethyst color sprinkled through it, and some 
fine galena scales. This rock falls down on the beach in blocks, 
and is scattered along like the granite. It has a jointing or im- 
perfect, coarse cleavage structure similar to that furnishing the 
quartz chips at Little Falls. In hammering it breaks sometimes 
into angular small bits, and in the weather it parts in the same 
way. 

319. On the next island north, at the S. W. corner is an out- 
crop in form and disposition like the last, but this is not of so 
pure a quartz. The quartz is somewhat gi-anular and porous, and 
contains cubes of pyrite, which by oxydation give a rusty stain to 
much of it. This also has a conspicuous exposure in the midst of 
the enclosing granite. 

330. From the peniusula dividing Saganaga Lake, near the ex- 
tremity on the N. W. side. There is quite an area here of the 
same; a variation in the rock of the country, being almost desti- 
tute of amphibole (a pegmatyte). 

•The word Saganaga signifies telands, or many tetand*', and seems tQ4»^ the plur&l of 
*'^""'*- uigmzeabyCoOgle 
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321. From the same peninsula about 1^ miles further west; 
consisting of quartz, orthoelase and chlorite, essentially being 
another variation in the rock of the country. The coast along i» 
pebbly and stony, with occasional sand beaches in the bays. This 
rock, No. 321, appears to disintegrate more easily than the fiir- 
mer numbers, and rarely appears on this coast. At a point near 
the first narrows the same rock is found in more frequent, anil 
bolder, exposure, on the Canada side. At this point a short pt.ir- 
tage is made toward the W. into a small lake, over the rock next, 
with an ascent of two feet. 

322. A finer-grained rock like No. 3.?0, but containing some 
pyrite, from the first portage going west from Saganaga Lake, on 
the international boundary. This is Oak Portage, from a little 
burr oak growing there, the first seen on the boundary line west of 
Grand Portage. 

323. The shores of the north side of this little lake are made 
of a chloritic quartz-schist, of a gray color, being much like one 
phase of that seen on Gunflint lake, passing to massive (310). 
This is laminated, seamed and disturbed, but the schistose stnic^ 
ture stands nearly vertical, like that on Gunflint Lake, and yet 
slopes to the south 50^ E. in general. It also contains cubes of 
pyrite. 

From the tops of the hills at this place the country is seen to be 
very rough, presenting a forbidding, inhospitable aspect. It is 
rocky and burnt off on each side of the boundary, as far as the eye 
can discern. 

The descent by portage into Otter-Track Lake is 40 feet, making 
Otter-Track Lake 874 feet above Lake Superior. 

324. Near the portage, on the U. S. side is a more compact and 
massive homogeneous condition of No. 323. It is fine-graintnL 
coarsely jointed, of a light green color, and in making this por- 
tage the trail passes over the same variation of this rock as that 
represented by No. 311, on the north shore of Gunflint Lalce. 
Hence this seems to be a recurrence of that formation. 

In passing along the south shore of Otter-Track Lake (which is 
narrow, and about 5 miles long, running S. W.), this formation is 
sometimes seen to be evenly bedded, and dips at a much less angle 
(say 10 degrees), toward the south. 

The rocks in general along the boundary are smoothed and round- 
ed, the marks of glaciation usually being indistinct. At the Otter- 
Track Lake the movement seems to have been toward the S. W. in 
the direction of the valley. The absence of real drift materials 
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is remarkable. There is no clay, and but little of any transported 
drift of any kind visible. The moutonne-ed rocks rise in hillocks 
everywhere, and are bare, or thinly covered by recent vegetable 
mold. Along the lake shore are some strange boulders, but even 
there the bare glaciated surfaces often run down into the water of 
the lake. This is particularly true along the south shore of Otter- 
Track Lake, while the Canadian side is strewn with fallen rock, or 
is roughly broken according to the joints. The rock bluffs here 
rise from 10 to 100 feet on each side, the Canadian side being the 
lee side in the period of glaciation. The U. S. side received the 
greater friction. The formation dips about south, but different 
systems of joints cause it to separate in angular blocks, and almost 
to appear basaltic. No trap was seen between the west end of 
Ounflint Lake and Otter-Track Lake. 

From Otter-Track Lake there is a descent of 4 feet to Knife 
Lake; the latter being 870 feet above Lake Superior. 

325. A light-green, tough magnesian rock, perhaps can be des- 
ignated a chloritic or serpentinous quartzyte. From the Huronian 
slate series at the E. end of Knife Lake. This series extends from 
where first noted, on the Oak Portage (from Saganaga Lake west- 
ward), to this place, at least. This number is an important one in 
the series, as it continues a good part of the distance from the east 
end of Knife Lake at least to the narrows of the same lake, (bet. 
Sec. 11 and 12). The rocks all have a greenish color, but are not 
always slaty. No. 325 is not slaty, and is essentially the same rock 
as No. 324. 

326. Pyritiferous clay slate; 3 miles west of the narrows, on 
the north shore of Knife Lake, and about | mile east of the por- 
tage to the next lake N. W. The pyrite cubes are generally about 
:J inch across. 

There is a descent to the next or Maple-leaf Lake, of three feet 
by a portage going N. W. from Knife Lake; the portage being 
about I mile. * 

327. At the beginning of the last portage the rock of the slates 
varies to a blue-black, fine-grained siliceous rock, approaching flint 
in hardness and compactness, with conchiodal fracture, and sharp 
edges; sometimes it is nearly black. It is this sharp-edged rock 
that gave name to Knife Lake. It is only local, or in beds, or 
sometimes in ridges. 

From Maple Leaf Lake the next portage ascends six feet to 
another lake, being a portage of about 15 rods. 

328. At the beginning of the last portage ; a clay slate ; sometim^ 

"6 
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argillyte; standing vertical and running W 30^ S. The river* 
from the last lake (near the portage), runs out over this rock in a 
sort of cascade or fall, the descent being 34 feet, to Sucker Lake, 
(or Carp). 

The size of these lakes is often a surpri/e to the traveler. They 
expand unexpectedly, where the prospect is entirely shut off. They 
are shaped by the geological features. They lie between ridges of 
the Huronian, and these ridges run approximately E. and W. 
Sometimes a narrow opening in one ridge allows the lake to spread. 
Then it enters another narrow valley, and runs in it visibly a couple 
of miles, when it may jog back again into the former valley by 
another opening. Only one acquainted could follow the boundary 
line canoe-route. Sometimes entering a lake it appears small, but 
on reaching its visible western extremity it turns by a narrow 
channel and spreads out a couple of miles further west. The por- 
tages are short. 

The roofing slates (like No. 326), seems to run westwardly, as the 
last portage goes, to Sucker Lake, imd appear again at the Sucker 
Lake landing. The glaciation along here was to the S. W. 

From Sucker Lake the portage to Biisswood Lake descends 45 
feet, making Basswood Lake 792 feet above Lake Superior. A 
river of considerable volume reaches Bass wooil Lake from the south 
near the point where the portage strikes it, said to come from 
Sucker Lake. A considerable river from the south enters Sucker 
Lake about a mile east of Basswood Lake. The beach, at the por- 
tage landing from Sucker Lake, is of granite pebbles and sand, but 
the rock of the country is yet of the Huronian, viz: 

329. Dark green massive serpeutinous rock, east end of Bass- 
wood Lake. 

330. Three quarters of a mile N. W. of the point where the 
portage trail reaches the lake, on the United States side, is an ex- 
posure of choloritic gneiss, consisting of quartz, feldspar and clor- 
ite, and having a granulated texture, varying to a syenite. The 
gneissic structure dips about '30® to the west, 20® north. The 
moBt of the valley of the lake, to this point, is probably in this 
rock. The shores of the lake and of the islands are of stones of 
this gneiss, and are not generally rocky; thus being in great con- 
trast with the shores of the lakes in the Huronian belt farther 
east, which are almost constantly rocky. 

About I mile further, after turning S. W., several points on the 
south shore show similar rock, but the schistose structure dips, in 
one case N. W., and in the next nearly south. Again, perhaps a 
7 
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mile further, on an island it dips N. This schistose structure is 
really a bedding, the beds being about 3-4 inches thick. 

331. The rock of the country at Basswood Lake, taken from 
an island two miles N. W. of the eastern extremity. It is white 
syenite or ''granite". \i 2| miles further it is seen dipping N. 
W. Again about 2 miles further, after passing the narrows, it 
still dips N. W. This is at an abandoned post of the Hudson's 
Bay Company, and opposite a similar station on the U. S. side, 
the passage between, where the boundary line runs, being only 
about thirty rods across. The same dip may be seen at other 
points along here, and in the vicinity of other abandoned posts. 
The construction of the "Dawson route", and the destruction of 
fur animals, mainly by forest fires, have diverted and diminished 
such trading. Before passing all the jtrading posts the gneissic 
syenite becomes nearly level, and there shows a slight dip to the 
S. E. This gneissic structure is very regular, the layers being 
from two to four inches thick. 

Making a portage on this trail to Pipestone Rapids the route 
crosses an arm of the north shore, which in low water is generally 
passed by following the lake round by the south. This portage is 
about IJ mile S. W. from the trading posts, there being several 
islands intervening. The portage is short, and at its western end 
is an interesting series of exposures of rock, exhibiting the inter- 
stratification of mica schist (335) with guiess and syenite (336 and 
337) — the concordant dip continues from one to the other, show- 
ing they are all of one formation and conformable, or that, if of 
different ages, the Huronian is conformable with the Lauren tian. 
The shoi-e line runs N. 30® E., and S. 30® W., and there is a high 
dip to the beds towards the south, aboul^80 or 85 degrees. 

332. Near the portage landing, west end, in a low exposure; a 
fine chloritic(?) gneiss, the bedded structure sloping S. at a high 
angle. 

333. Hornblendic schist, overlying No. 332, an interval hid, 
being between them; containing also chlorite. 

334. Chloritic hornblende schist, conformable with No. 333. 

835. Biotite mica schist, separated from No. 334 by a recur- 
rence of rock like No. 332, conformable in dip with the last. This 
includes irregularly shaped masses or agglomerations of Nos. 336 
and 337; also has thin, irregular, interrupted and contorted inter- 
laminations of the same. They are certainly interstratified. 

336. Biotite (?) hornblendic gneiss, of a light gray color, al- 
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ternating along the beach two or three times conformably with i 

No. 335. 

337. Similar to No. 336, probably one of its modifications, hav- 
ing more hornblende. 

338. Compact, similar to the last, but darker colored; has beds 
or belts of No. 335, and finally is wholly replaced at the shore line 
by No. 335 for a short interval, while No. 338 is still visible inland 
a few rods, in the bearing of the strike, showing a change from 
one to the other in the direction of the bedding, as well as trans- 
verse to it. But a short distance further south the shore is wholly 
made by No. 338, rising higher, in coarsely jointed and firm, low 
hills. 

339. Hornblendic schist, from the shore of the same lagoon, on 
the north side, where the same interstratified condition of the same 
kinds of rocks appears again. 

339. B. From the shore near No. 337 and 338, not in place, 
but supposed to be from these beds. 

340. .A little further west from No. 339, on the north fside of 
this little water, the rock appears as a micaceous quartzyte, which 
also varies to 

341. A blackish quartzyte (?), somewhat micaceous injsome of 
the interlaminations; which varies, a little further along, in some of 
its interlaminations to 

342. A gneissoid quartzyte, and makes a high bluflF, the beds 
in all cases dipping to ihe south. Then the rock is hid to the next 
portage (going to another bay of Basswood Lake, westward). 

343. But just where this portage begins the rock forms a con- 
spicuous outcrop of fine syenite, represented by this number. 

These numbers (335, 336, 337, 339, 340 and 341) make up the 
islands and occasional exposures across this bay, but the most is of 
No. 335*. The portage from this lagoon, in which the above 
numbers occur, is across an arm of the mainland from the south 
shore, which is sometimes avoided by passing by water farther to 
the north. 

344. At the other end of this portage, and at one or two spots 
on the trail, the rock is a tough mica schist. This here also em- 
braces strips of syenite and of quartz. These appear mainly as in- 
terlaminations, but also as veins crossing the laminations. 

345. The rock along the shore, passing up this long bay, is sy- 
enite, but the sample of this number is taken from the place where .^^^m^ 

»" •A similar Interstratlflcatlon of mica schist and granite Is described in Ludlow's C^ r\r\cs\o 
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the first view is presented up the long bay S. W. Hereit is even- 
ly bedded, dipping W. and is of pinkish or flesh color. This con- 
tinues past one or two small points, when it is seen to dip in the 
opposite direction. Then on the next it dips again southwest. 
The surfaces weathered have when smoothed a pink tint. 

Further on the bedding is contorted, (along the south coast of 
of this bay,) and confused, appearing almost perpendicular in short 
intervals, then dipping again one way or the other. Just beyond 
this confused place the mica schists, &c., come in again, the beds be- 
ing almost vertical (i. e. the schistose structure) yet sloping a little 
to the S. W. This is perhaps a mile from where the route en- 
ters this bay. This then continues, presenting the variations 
•already described, to micaceous quartzyte &c., and having at least 
two systems of joints, one pei'pendicular to the schistose structure, 
and one cutting it obliquely, sloping N. W. 

346. Passing to the north* side of this bay, within a half mile^ 
or perhaps more, the whole changes to a fine, tough gneiss, which 
has a coarse schistose structure that makes it resemble th^ schists,, 
being probably only a variation of the schists. 

347. A little further along, across the bay, the syenite returns; 
but here a schistose structure can be seen on weathering, parallel 
to that seen all along. This forms the coast for some distance on 
the N. side, at least to within ^ mile of the next portage. 

Before reaching the portage a ridge of schists and fine grained 
chloritic rock appears along the south side, as the bay narrows up^ 
presenting a columnar, or finely-jointed structure, somewhat re- 
sembling the basaltic. 

348. This is mainly a tough, greenish schist, crushing under 
the hammer like a chloritic schist, apparently having a dip toward 
the south, nearly perpendicular, but so broken by jointage planes 
in diflFerent directions, and confused by the schistose structure, that 
it is exceedingly uncertain. This rock forms the lower rapids at 
the mouth of Pipestone R. where the water comes down to the 
level of Basswood Lake, the fall being 10 feet from where the 
rapids begin, to the level of the lake*. 

Near the foot of the rapids a white quartz vein crosses the river 
diagonally, running about east and west, but somewhat zigzafi;. 
It dips at an angle of about 45 degrees from the horizon toward 
the south, and is about 5 feet wide. No gold or other mineral 
can be seen in it, except some pyrites in the grayish rock adjacent 

*Mr. Robert BeU questions the existence of Basswood about this lake, and sugKeats 
WhUewood as a more proper name ; but the real Basswood grows at the mouth oTthis. 
rlv^, being the most northern known limit of that species in the state, ^y ^^jkjkjw lv^ 
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to it on the south side. The formation above the rapids is about 
the same as below, but here it becomes the pipestone of this local- 
ity. It is simply a schist(JSe, greenish, chloritic (?) rock, being a 
chloritic (?) slate at a short distance further up the river. 

349. Pipestone, from Pipestone Rapids, a chloritic rock; not 
much worked nor used. 

350. Chloritic (?) slate, from Pipestone Rapids, just above the 
pipestone rock. This slate stands nearly vertical but dips to the 
south. 

351. About % mile above the rapids the slates dip northwest. 
This country contains much pine, but not generally very large. 

Indeed, the forest is all pine. The same is true along the south 
shore of the lake before reaching the river. Between the first and 
second rapids the river expands so as to be more like a lake, with- 
* out current, and embracing several islands. The lake above the 
second rapids is known as Kawjusachong Lake, and is 8 feet above 
the water below, or 810 feet over Lake Superior. 

352. At the upper end of the second rapids, or a little distance 
above, near the portage landin^^. is a white quartz vein in this 
chloritic rock that makes the rapids. This runs S. 30® W.,and 
coincides with the slate in dip, which is toward the N. W. This 
quartz embraces rusted pyrite, and has an auriferous aspect. 

353. Slate, soft, greenish (talcose or chloritic), from about two 
miles further up the lake, on the south side. There is not much 
exposure, but sufficient to show the formation ext<?nds to here, at 
least. 

354. A less slaty chloritic slate, from the same place. The 
slates here run S. 30^ W., standing nearly vertical, sloping south. 
Indeed this direction is about that of the narrow long lake in 
which the route lies. 

The forest along here is not exclusively one of pine, but much 
white pine of good size is scattered all through it. The country 
is generally slightly undulating, but not hilly, being much in con- 
trast with that east of Baswood lake. There tu-e low ridges of 
this slate that cross the country, but they hardly produce a percep- 
tible change in the general surface features. 

355. At about a mile further, on the same side, a more nnissive 
and siliceous slate appears, showing, also, some white quartz veins. 
This is probably a variation of the slate, and is exposed but a short 
distance. The beaches are sandy along here. 

A short distance further west the Kawasachong river enters 
Kawasachong Lake. This river conies fi-om Birch Lake, and 
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along it is a canoe route to Beaver Bay, on Lake Superior. Birch 
Lake is the^third lake south of Kawasachong Lake by this route. 
The maps generally represent this river 'as entering several niile» 
too far east. 

The Kawasochong falls are visible from the lake. They descend 
about 40 feet — split and straggling in low water. Here is a large 
exposure of the same rock as No. 355, but less siliceous, which 
really appears to be the same as the " pipestone '' at Pipestone 
Rapids. It also contains here narrow white quartz veins and de- 
posits, and some two or three feet, wide. One such appears in the 
river, just below the falls. The falls are within 30 rods of the 
lake, and the river Ls one of good size. This rock is neither bed- 
ded, jointed nor schistose, but it breaks with a very coarsely schis- 
tose manner, and each piece runs to blunt points lenticularly. 
Chlorite permeates and colors it. It seems to be closely seamed • 
in all directions, but not with any regularity, if we except the gen- 
eral schistoid fracture, which coincides with the slates in being 
nearly perpendicular, and yet in sloping to the south. It abounds 
in (talcose? or) chloritic and heematitic slickensides. It is every- 
where rough, supei'ficially, and mashes under the hammer before 
breaking, and then breaks toughly. 

356. Rock from the Kawasachong Falls on Kawasachong^ 
River. The same rock appears on the lake shore at points further 
west. 

At the next point, | mile from the mouth of the river, it ap- 
pears again more like No. 355. 

At the next, 1 J miles from the river, it is the same. 

At the next, nearly 1^ mile from the mouth of the river, it is 
more like No. 356. 

The same or similai* rock, at least the Huronian slates, etc.^ 
continue to the end of this lake, when a portage is made to another 
lake, avoiding the river on account of very low water, ^following 
the "winter trail," which sets out from another arm of the lake 
further toward the north. 

357. Occurs just at the point of the beginning of the " winter 
trail'' from Kawasachong Lake westw^d; a chloritic slate, running 
nearly S. W.and sloping to the S. E. This portage ascends 80 feet 
and descends 17 feet leading to Long Lake, which is thus 873 feet 
above Lake Superior. On this portage, in its eastern half, are sev- 
eral outcrops of slate like that already noted at Kawasachong Lake* 
but mainly the country is drift-covered with less rock exposure. 
Along north of this portage (which is about If miles long) is a 
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hilly range running nearly parallel with * Long Lake and also with 
Kawasachong Lake, which appears to be of the Huronian, judged 
by exposures that are seen along the lake shores. There is still 
considerable pine in the forest, especially on the south side, the 
north side being more burnt. 

358. Chloritic or serpentinous rock from an island near the 
west end of Long Lake; continuation of the same formation as at 
Kawasachong Falls. 

The country at the west and northwest end of Long Lake is 
more rough and has more exposures of rock. It is likewise more 
burnt. 

From Long Lake the course of travel by canoe is up a river 
toward the west, perhaps a mile (in a right line), then up a tribu- 
tary, turning to the right; then after ^ mile further, a portage (J 
mile) is made to Burnside Lake, 904 feet above Lake Superior. 
This portage in general goes N. of W. and over a part of the ridge 
of hills mentioned as running along the north side of Long Lake. 
The rock in these hills where crossed by the portage trail is a 
tough, chloritic rock, viz: 

359. Firm, tough, chloritic rock; perhaps a fine-grained proto- 
gine from the hill-range running on the north side of Long and 
Kawasachong Lakes, on the portage from Long Lake tq Burnside 
Lake. This rock at a distance appears gray and granite-like under 
the weather. 

Near the west *end of the portage trail,, on Burnside Lake,* 
within an area of 30 feet square, the following numbers, from 360 
to 367, both inclusive, were obtained, Nos. 360 and 361 compris- 
ing the bulk of the rock. 

360. Greenish-gray fibrous hornblende rock, somewhat serpen- 
tinous or chloritic. 

361. Dark-gray hornblendic rock, chloritic. 

362. Glistening chloritic schist. 

363. Hornblende schist, chloritic. 

364. Granular rock, consisting of hornblende and imperfectly 
crystalline orthoclase. 

365. The same, with quartz and* chlorite. The disintegration 
of this orthoclase produces sandy beaches sometimes about these 
lakes. 

366. The same, with less hornblende, and a reddish color in 
the orthoclase (?). 

367. White, glassy quartz, becoming colored red by haematite. 

*ThiA name is a corrupt translation of the Indian word Mignifying Burnt-side. 
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These numbers are all arranged in a crooked lamination or 
coarse schistose structure, parallel with the same seen in the slates 
aliout here. The hornblende schist (No. 363), and the hornblende 
and feldspar rock (No. 384) gradually interchange, or pass onward 
to Nos. 365 and 366. Large masses in knolls and hills lie in the 
immediate neighborhood, made up of the same rocks. 

But further west, on the same side of the lake, the hills are 
more of the nature of No. 365, yet are in the same way associated 
with hornblende rock and schist, viz: 

368. Chloritic syenite. North side of Burnside Lake. 

869. Flesh-colored chloritic gneiss. A vein or layer in No. 
370. 

370. Chloritic gray quartzyte. compact and hard. 

The foregoing are all (359 370) conformable, when they show 
any stratification at all, which is always the case except when there 
is a full transition from No. 363 or 364, or even from 360, to No. 
368. In that ease, when No. 368 is fairly set in the parallel struc- 
ture, always dipping at a high angle to the south (or a little east), 
becomes more and more indistinct, or is lost, and in its place a 
jointage ninning in different directions, hardly e\er parallel with 
the schists^ is substituted. Yet even then, in some weathered sit- 
uations, a natural parting of the rock brings out a rude schistose 
structure parallel with that in the slates. It is impossible here to 
state whether these alternations of rock indicate a coming on of 
the Laurentian, conformably in terst ratified with the Huronian, or 
that the syenite is all in the Huronian. The line of travel through 
here is nearly in the strike of the Huroninn, hut has been (since 
leaving Lon^ Lake) a little to the north, so that if this be a begin- 
ning of the Laurentian it comes on. in accordance with the dip, 
conformably. This series of rocks apparently runs along the 
north side of Long Lake, some distance from the shore. 

The islands and the asj)ect of the coast and the country about 
Burnside Lake, traveling on a line a little west of south, appear 
like those of Saganaga Lake. The islands are nearly as numerous. 
The rock however is of this transition series of hornblende schists 
and syenites. The veins of syenite are sometimes white and some- 
times reddish, and are often contorted in the schists. They project 
above the surface, reminding one of the chain coral in the Lower 
Silurian limestone. The syenite weathers reddish along the lake 
shore, but the schists do not. 

Through Long Lake the glaciation runs S. W., or in the same 

direction as in Otter-Track Lake. About Burnside Lake, although 
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the rocks are all domed, there is little evidence of the direction of 
movement. The islands are of bare rock, especially at the west 
end. 

There are places along Burnside Lake, toward the west end, 
where no bedding nor dip can be discerned, even in the horn- 
blendic rocks, but the whole is disturbed and confused by jointing. 
But near the river where the route leaves the lake westward, the 
bedding appears running more south and dipping at a high angle 
N. W. 

371. At the mouth of this river leaving Burnside Lake. 

372. At the same place. 

These are almost an exact repetition of Nos. 369 and 370, except 
that No. 372 is more syenitic. Ridges and knolls of this rock here 
rise fifty feet or more above the lake. Ascending this river about 
a mile, a portage is then made of another mile to Mud Lake, the 
whole ascent being 14 feet, or to 918 feet above Lake Superior. 

Along Mud Lake the same series of rock continues. 

373. Clay slate. From the N. E. end of Mud Lake. 

374. Clayey quartzyte (?). From the N. E. end of Mud Lake. 

These are from the N. W. side of Mud Lake, in close approxi- 
mation. The schistose or slaty structure is apparent here, and 
runs south 30' W., nearly vertical. 

375. A quartz or chloritic schist. Mud Lake, at a point a little 
further S. W. from No. 374, when the lake turns more to the 
south. 

About half a mile further S. W. an old mining locjition can be 
seen. 

376. From the old mining location on Mud Lake. The rock 
here is like that of No. 375, but perhaps more compact. It is py- 
ritiferous. It has a gray color, with mottlings of light green and 
glassy grains of quartz. It is firm and hard, the greenish parts 
being apparently amorphous with a hardness about 4. 

The vein matter here was apparently wholly exhausted by the 
mining operations. It was a lenticular mtiss about 20 feet long, 
and not probably over 12 inches thick, tapering up and down in 
conformability with the rock enclosing it, and running also in 
the same direction. The white quartz here mined is apparently 
the same as that disseminated through the rock, but in larger local 
abundance. 

* 377. Vein matter, quartz and ore, from Mud Lake. This ore 
contains plainly chalcopyrite, pyrite and galenite, and probably 
gold. 
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378. Quartzitic slate, with talcose partings; from about half a 
mile further after descending a shallow river-lagoon. 

This river is thence followed S. W. to Vermilion Lake, the fall 
being about 9 feet, making Vermilion Lake about 909 feet above 
Lake Superior. 

379. Chloritic achist from the N. E. end of ,Vermilion Lake, 
where the stream from Mud Lake enters it. This rock is like that 
in a range of hills which continues all the way to Mud Lake, along 
the north' side of this stream, apparently confining the stream on 
that side, the slates running W. S. W. at Vermilion Lake. 

Round Burnside and Mud Lakes, and at the N. E. end of Ver- 
milion Lake the Huronian is rougher, and considerably more de- 
nuded, the ridges being higher. At the same time there is no 
diminution in the drift. 

380. Vermilion Lake, at one mile S. W. from the mouth of the 
I stream from Mud Lake; a massive chloritic syenite. 

h 381. The next point S. W. along the S. E. shore of Vermilion 

J! Lake, shows a gray horn blendic (?) rock, jointed and with white 

Hj quartz veins, or deposits in the joints. 

^ 382. White quartz, from a vein on S. E. side of Vermilion 

P Lake, running in No. 381. This is a conspicuous white quartz belt, 

i! • running up from near the water level, a little S. W. from the last 

1; point, being a local and irregular deposit, not having much depth. 

|I It splits. It stands above the surface nearly a foot. It holds 

chalcopyrite, which superficially has colors like bornite. It is 
about 3 ft. thick, and has been dug through by some * 'prospector. '^ 
The schistose structure along here runs but little S. of W. It 
is indistinct, on account of the rock becoming massive, or only 
jointed. 

Passing a long arm or bay, running a little N. of E. the rock on 
the first point south of this bay is 

383. A gneissic and feldspathic chloritic, gray quartzyte. The 
schistose structure runs a little S. of W. and ia hardly discern- 
ible. There is a close jointage that appears here, and at other 
points, that closely resembles the schistose structure when it be- 
comes slaty, transverse, (nearly at right angles) to the schistose 
stnicture. This is plainly a jointage simply, and not anything^ 
that affects the tissue, as when a specimen be broken, it breaks 
with the schistose structure, parallel with it; and if it be from be- 
tween two planes, or has a joint on two sides, it will persistently 
remain triangular although it be broken till reduced to too small 
a size for preservation. 

Digitized by VjOOQIC 



STATE QBOLOQIST. 



97 



384. Half a mile further along, the schistose structure plainly 
returns and is W. S. W. and also the chloritic or talcose character. 
This number is a talcose (?) and at the same time a schistose 
quart zyte, with considerable greenish-gray, amorphous, feldspathic 
(?) mineral, and seems to be allied to the rock No. 311, on the 
north side of Gunflint Lake. 

This part of Vermilion Lake is filled with rocky isUmds. 

385. About a mile a little west of south from the last, on a 
point; a dark colored siliceous slate, or hornstone, mainly in regu- 
lar and thin sheets, but in some places confused, the slates run- 
ning W. S. W. and sloping to the south, but nearly perpendicu- 
lar. 

386. On a small island near the S. E. shore; rock like No. 384. 
Here the schistose structure, sloping S. E. runs S. 60® W. by com- 
pass,* and is sometimes a little wavy. In these descriptions slatij 
and schistose express variations only, of the same structure. 

387. About a mile S. W. of the last the rock varies to a schis- 
tose, chloritic syenite, of a light gray color. This is apparently 
only a variation in the ingredients of No. 386. It is a firm rock, 
and at a distance appears like massive granite or syenite; yet along 
the lake shore it parts in a gnieissoid manner. It rises higher than 
the adjacent hills, and is coarsely jointed, so that its rhomboidal 
parts rise like whitened sheeps' backs. It extends perhaps 20 rods. 

388. Half a mile further west the rock is a gray quartzyte, with 
much white quartz in veins and joints. 

389. A mile further west, and near the entrance to the bay 
that leads to the portage going south from Vermilion Lake to 
Squttgemaw Lakes, the rock of this number which is a gray chlo- 
ritic schist, is seen to have a nearly east and west slaty structure, 
varying to a little S. of W. This slaty structure is intersected di- 
agonally by alternations in the rock due to sedimentation, running 
nearly N. W. and S. E. The kinds of rock exhibited by this al- 
ternation are as follows, from No. 389 to No. 394 both inclusive, 
the former being on the N. E. side and the latter on the S. W. 
side. 

390. Chloritic slate, greenish, soft. 

391. Pyritiferous, gray, quartzyte, chloritic. 

392. Argillyte, or clay slate. 

393. Chloritic gneiss. 

394. Siliceous, chloritic slate. 
Glaciation across these beds runs N. and S. 

^Magnetic directions In this report are all by compaw. 
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At the Government Station, where the Indians are taught to do 
Some farming, which is a little N. of W. from the last point, the 
New York Mining Company formerly sought gold in the quartz 
and talcose (?) rock of the country. 

396. Fine, soft, hydro-mica* slate. This rock has generally 
been denominated talcose slate, and it may be correctly. This will 
have to be determined by laboratory examinations. This is from 
the N. Y. Company's location, at the Government's Station, and 
the slates run 15*^ S. of W., and glacial marks 10* W. of S. The 
strike of the stratification, as mentioned under No. 389, is E. and 
W., the slates crossing the strata diagonally. 
^ 396. " Gold " quartz, from the above mining location. This is 

I white. It is scattered in the joints and irregular veinings in No. 

396, similar to what may be seen in many places about Vermilion 
Lake. (See Report for 1878, p. 28.) 

. 397. The Minnesota Company's location was about three miles 
north of the Government's Station, on the west coast of a lake, 
opposite the long point projecting from the N. shore. Here the 
rock is a coarse chloritic slate, having a close relationship with 
that of No. 396. The slaty structure runs about E. and W., and 
glaciation about N. and S., or a trifle east of south. 

398. The quartz from this mining location, occurs in the joints 
of the rock, in irregular deposits, but generally coincident with 
the slatiness. It carries considerable pyrite, which is also scattered 
through the slates. 

399. Talcose (?) slate, from Simond's location. This is far- 
thest N. W. (or W.) and about four miles from the outlet of the 
lake ; and between this and the Minnesota Company's location 
was that of Nobles, numerous islands occurring all along. This 
number represents the country rock. It is siliceous, and contains 
scattered nests, or broken layers of white quartz, both coincident 
with the slates and in the diagonal jointage. Fyrite is scattered 
through the quartz, and through the slates, and particularly in a 
line of contact where they unite, the quartz becoming gray. 

400. Quartz from the same point. 

401. Near the western extremity of a point or peninsula that 
comes near the south shore from the north. A little island here 
shows rock like that on the north side of Burnside Lake; a mica 
schist. This is arranged in laminations that nin S. 66 ® W., 
sloping S., and embraces laminations and wide belts, also con- 
formable with the rest (except where large areas come in) of 

402. Syenitic gneiss (and of quartzyte); also ^-^ ^ 
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403. Micaceous honiblende rock, apparently hornblendic syen- 
ite. 

Where No. 402 occurs in large areas its boundary is not always 
parallel with the schists, but jogs across a foot or two of them 
and then runs again parallel, sometimes also crowding them con- 
fusedly. This is on the island nearest the point at the narrow 
passage for canoes bound west. The extremity of the point is of 
the same character of rock, but the change from the talcose (?) to 
mica slate or schist is very gradual and imperceptible, the colors 
and characters blending and mixing apparently in the same rock. 
At the same time the quartz interlaminations and deposits of the 
talcose (?) slates, mined for gold, become syenite in the mica 
schists (with fewer quartz veins). 

Further north, perhaps a mile, the syenite runs both obliquely 
across the schists, in sharply defined veins, and also nearly coinci- 
dent with them. In one case a belt curves round from one system 
to the other. There is also in the schists a net work of harder, 
more quartzose rock, which crosses itself both finely and coarsely, 
and becomes evident on the weathering of the formation along 
the water line. The schists here also contain fine crystals of 
pyrit^. 

404. About a mile and a half further northwest, up a deep bay, 
is a ridge of granite, massive and jointed, not laminated or 
schistose. This is on a point of the N. shore. 

405. A few rods further a ridge of this rock appears. This is 
firm mica schist, with reticulations and interlaminations of gray 
quartzite and quartz, and also cross layers and interlaminations of 
syenite. In the main the syenite is coincident with the schistose 
structure. In this locality are many islands, made up apparantly of 
rock like No. 405, north of which is a large bay running far west. 
North from the last point on the north side of this bay, the mica 
schists again are seen, of the same kind as the last, but the struc- 
ture and laminations all dip to the north (a trifie east) at an angle 
of about 30® from the horizon. 

406. Mica schist from the north side of this long bay (as above 
noted) with included gneiss, on the north shore of Vermilion 
lake. 

407. A micaceous quartz, from near the same point. 

This coast is bold and more rocky, running NE. The dip and 
character of the last continue northeastward past several points^ 
the rock becoming more granitoid. 
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408. Fairly represents the whole of the exposure, a confused 
granitoid rock, with patches of mica schist. 

409. Granite. On the next little point, which encloses (on the 
E.) a deep, narrow bay running N. to the outlet of Vermilion L. is 
an exposure of gneiss which passes confusedly to granite and to 
mica schist, but has no schistose structure. It appears as if a very 
coarse conglomerate might have been brecciated and then meta- 
morphosed. There are small patches of mica schis^ surrounded by 
gneiss, and bands of coarse granite running through the whole 
varying to a fine granite, and so to a micaceous quartzyte. It is 
smooth, massive and bare. 

410. Granite ; same place as No. 409 — pinkish. 

411. Granite ; same place as No. 409 — pinkish. 

412. Mica schist ; same place as No. 409. 

413. Mica schist, from the Vermilion rapids, at the outlet of 
Vermilion Lake northward. 

At the outlet, which leaves, the lake northwardly, and which 
seems to be in the northwestern part of the lake, the water goes 
down about 50 feet, with considerable tumult, over large boulders 
of coarse granite, without much exposing the underlying rock in 
situ along the river. But by the freshness of slabs of mica schist, 
and their size, it may be inferred that the rock under the rapids is 
No. 413, and on the east side of the bay from which the river goes 
the same rock as No. 413 can be seen in situ. 

Eastward from the Outlet bay the rock soon appears, and is a 
coarse granite, viz : 

414. Granite, with a little mica schist in spots. 

415. Mica schist, embraced in No. 414 ; north shore of Ver- 
milion Lake. The same (granite and mica schist) continue round 
the deep bay running east, and along the south shore of the same, 
so far as the few exposures allow a judgment to be formed, and on 
the point where the shore finally turns south again, the rock is 
also mica schist, enclosing patches of coarsely crystalline granite, 
the whole. dipping N. 

416. Mica schist, from long point on the N. shore of Vermil- 
ion Lake, east of the outlet; varying to 

417. Micaceous quartzyte. 

This long broad point, which extends southwardly, leads to the 
location of No. 404 and No. 405. The mica schist, with associa- 
ted granite (or No. 404) occupies the N. shore all the way round. 
It is not yet possible to say whether [these granite and syenite 
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areas are embraced in the Huronian or indicate a conformable ap- 
proach to the Laurentian. 

418. At about a mile S. E. from the location of No. 404 and 
No. 405, on the north shore of the lake, but on the south shore of 
this long broad point, on the N. side of a bay, is seen this fine 
granite, and 

419. Micaceous quartzyte. These are about equally divided in 
making a rocky point, and have a schistose structure running S. 
15® W., nearly vertical. The point is high, firm and bare, the 
schist being knit by reticulations of harder quartzyte, and by bands 
of granite, so as to resist disintegration. 

There are several other outcrops of similar rocte on this long 
point, as far as to and bevond a long bay running S. W. This 
bay along the south coast is rocky, and is made up of mica schist 
with reticulations; but it is softer, finer and apparently approxi- 
mating a talcose(?) character. Glaciation here runs S. 30° W. 
and the slates run in about the same direction; represented by 

420. Soft mica schist. 

421. As this *'north shore" begins to turn east, the coast is 
high and rocky. This is after passing the narrow canoe passage 
mentioned under No. 403, and S. E. from Simond's location about 
a mile. There is a prominent system of joints dipping N. and not 
an evident schistose structure. The veins and joints are either 
white quartz (some has been worked slightly) or are quartzitic. 
The reticulations mentioned as seen in the mica schist are much 
less distinct, or are wanting. The rock is 

422. A talcose (?) quartzyte. 
Three-fourths of a mile further east this rock. No. 422, shows a 

schistose structure running W. S. W. and sloping to the south (or 
S. E.) The slabs, sliding off according to the joints, hide from 
first view this structure, and also make the immediate shore pre- 
cipitous. 

423. Ore from Nobles' mining location ; Vermilion Lake. This 
is about a mile N. W. from the Minnesota Company's location, 
and on the south side of a long point extending S. E. from the west 
shore, and on the north side of the included bay. The rock is a 
chloritic (or talcose) (?) slate, varying to a greenish schistose 
quartzyte. It has pyrite crystals scattered through one or two 
narrow quartz veins (each 1 to 4 inches) and also through much of 
the siliceous rock itself. The frame of their mill still stands, and 
two large reverberatory furnaces, amid the mins of other ma- 
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chinery. The stamps were five, made in Chicago. In this mill 
much of the country rock was cinished as well as the quartz. 

424. Chloritic schist; from a little west of the Minnesota 
Co.'s location. The structure here runs W. S. W. and slopes a 

11 little north. Also at other points between this point and Nobles' 

fc the structure slopes N. This number is only a local variation in 

^ the prevailing slates of the region, extending only about 6 feet. 

425. Pyritiferous granulyte, (quartz and feldspar) and blue 
scales from some of its joints. This rock forms a low island in a 
large bay west of the Government's Station, or that principal part 
of Vermilion Lake which is next west of the Station, and is shut 
in on the north by a long promontory-like point with drift boulders 
and sand on the immediate coast, along the S. E. side. The island 
is near the head of this bay, about two miles from the station. 

^ The rock is jointed and somewhat schistose coarsely, in about the 

i t same direction as the slates here, and slopes N. It seems to be 

1 1 a part of the slate formation ; but there is not sufficient exposure 

j'^ south and east of this point to make it certain. 

I .' 426. The rock of Ely Island or its variations. Much of it is 

f like No. 311 and No. 375, perhaps the greater part. It is mostly 

f ! of a light color, often with a light green tint, having free quartz 

i , in a matrix generally amorphous but yet presenting a fibrous or 

T broken schistose texture; passing to a porphyritic rock (with albite 

li'; crystals) (?) and to a pyritiferous syenite. On the north side of 

ji Ely Island is ito be seen a conspicuous white quartz lead, or vein, 

^* about thirty inches thick, sloping about 55® from^he horizon to 

\i the north, distant from the west end of the island about a mile. 

J It rises so as to make one of the highest parts of the island. Some 

I ■' \ working for gold has been done on this quartz, near the lake. The 

; quartz itself is barren, but the adjoining rock is pyritiferous, like 

j nearly all the rock about. It has a structure dipping north, the 

' same as the lead of quartz, and is jointed in all directions. 

On the north slope of Ely Island glaciation shows S. 8® W., and 
\ on the top of the island it is very coarse and in the same direction. 

In traveling over the island, where much of the rock is bare^ 
occasionally may be noticed bright red pieces of jasper superficially 
embraced in the formation, some of them three or four inches 
\ across. The position and structure of these pieces is at vari- 

^, ance with the schistose structure of the rock in which they are em- 

braced. They at once recall the *' gunflint beds," which at Grvtn- 
flint Lake first overlie a similar greenish and magHesian f ormation» 



having a slaty and a schistose structure like that seen here. TL 
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pieces seem here to be relics of that fofmation, which olice llitisf 
have extended over Ely Island, but now is unknown about the 
immediate shores of Vermilion Lake. The quartzyte (and gun- 
flint series) underlying the lowest igneous overflow of that age, 
wa^probably so thin that the heat so softened the underlying 
(Huronian ?) schists that some of the more siliceous and less fusi- 
ble- parts of the gimflint beds were cemented into the schistose, 
and after the erosions of the glacial epoch they still are seen so 
embraced. This heat produced a second metamorphoism of the 
magnesian formation also, changing it locally, apparently, to a 
phonolitic, or porphyritic, partially crystalline rock. Some of 
these relics, still attached, are conglomeritie: and one area, which 
is embraced in a depression in the upper surface of the schists, is 
over two feet long and eight inches wide. Loose pieces, pertain- 
ing to the drift, may be seen on the top of the island, being of 
black quartzyte, showing that the quartzyte formation mus* have 
extended once to Ely Island at least, since the movement of the 
drift was from the N. and E. of N. It may also have extended 
further north, loid probably did, at some pre-glacial time. These 
jaspery pieces, generally smaller than a butternut, but sometimes 
as large as one's fist, are nearly always angular, or but little round- 
ed, and are in some portions thickly sprinkled over the surface of 
the .schists. 

There is a high hill-range to the south of Vermilion Lake, about 
a mile and a half from the shore, which may be the beginning of 
the trap and quartzyte range again. That would be in conformity 
with the foregoing hypothesis. Indeed these hills appear to be of 
some rock dilFerent from the rock along the south shore of Ver- 
milion Lake, as they do not appear white at a distance, like the im- 
mediate shore of the lake, though the timber is wholly burnt from 
both. 

427. Rock of Ely Island, containing jaspery pieces. 

428. Pyritiferous quartzyte, from Rison's place, Ely Island. 
Passing about a mile up a river running into the south part of 

Vermilion Lake from the east, about two miles from the entrance 
of Pike river, being the easterly of two rivers that enter the lake 
near together, and then traveling by a blind trail about f mile 
toward Vermilion Lake, we reach an old iron-lv^orking, said to 
have been done by Stuntz and Mallmann, under the direction of 
Prof. A. N. Chester in 1872. This iron is in what has been de- 
nominated in these notes the (runfint beds. It is in conformable 
arrangement with the magnesian schists and slates. Indeed the 
8 
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Gunflint series here presents a good exposure. It stands in lami- 
nations and schistose bands nearly vertical, and is only a modified 
superficial condition of the underlying schists. These beds pass 
downward into the schists, and in places the schists and the schis- 
'H tose structure penetrate upward into the jasper and iron.^ The 

i / jasper and iron are in some places replaced by bands of white 

^; I quartz. Here are all the beautiful variations between jaspef and 

if" haematite, banded together, and quartz, which can be seen at Mar- 

^M quettfe.* Although the structure of these beds here' seems to 

make them conformable with the underlying slates and schists, 
i I yet it may be this structure is only that superinduced on them at 

the same time that the schistose structure was formed in the 
schists, the original bedding (which may have been nearly hori- 
zontal) having been obliterated by the change. In the same man- 
ner, or in a similar manner, the bedding of the same formation 
\ ' has been seen to be destroyed by contact with metamorphosing 

I agencies, as at places on Pigeon Point, and a very different aspect 

given to the formation. Further observation of this horizon is 
j ' necessary to settle this question of conformability between these 

^ two formations. There are several knolls of the schists in this 

i vicinity, capped with this iron and jasper. They run in the usual 

direction, a little south of west, and seem to be very persistent un- 
der glaciation, as they would naturally be. The belt must run 
northeastward toward Gunflint Lake, and is here, apparently, about 
A mile wide. The greatest thickness seen here is about 25 feet. 
There are gradations in the coloring of the qnartz nodules in this 
1 Tock, some being gray, and some uncolored, while others are near- 

r ly black, and some vermilion red and jasper red. The name of the 

4 .^ lake is supposed to have been derived from these colored pebbles, 

' 429. Haematite from Vermilion Lake, as above. 

•: 430. Conditions of the silica from the same place. 

■ About the southwest shores of Vermilion Lake, which expands 

I right and left in broad sheets of water and in bays, that have a di- 

rection according to the trend of the geological structure, much 
more than is shown on any maps yet published; there is much 
drift, some of the points and narrow land-lines being of stratified 
sand, while along the coast in general can be seen only boulders. 

Opposite Winston, the town site laid out by Maj. T. M. New- 
son, there is a firm gray quartzyte in outcrop. Several other 
small exposures of a laminated quartzyte, with a structure par- 

*Bouldeis of the greenish schbts occur on the south shore of Vermilion Lake, wtth 
hands of Jasper running through them at least three feet from any outer surface. 
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allel with the slates of the country, occur before reaching the en- 
trance to Pike river. 

431. Rock that forms the first rapids of Pike river; three feet 
of gray, firm fine-grained, heavy crystalline rock, similar to some 
of the beds of the quartzyte and slate formation. 

At the main rapids of Pike river, where the first portage occurs, 
there is a tumbling fall of six or eight feet, making a good water- 
power. This is about J mile from the bay where the river enters, 
and here is a considerable exposure of rock, on each side of the 
river. • 

432. In general a gray quartzyte, but varying to a syenitic 
rock, and to a siliceous slate, and to white quartz, as well as to a 
tremolitic ( ?) mica schist, which is dark gray. It exhibits small 
faults, in which the otherwise parallel and regular strata, or lami- 
nations, are jagged or twisted, the west end moving southwardly 
about 5 inches or less. This rock, except in its perpendicular ar- 
rangement, and the absence of trap, resembles the gray quartzyte 
formation of Pigeon Point. It is more highly tilted, and gener- 
ally metamorphic. The beds are nearly perpendicular, but dip to 
the south. If this be in the strike of the gray quartzyte and slate, 
the Vermilion iron-ore belt must pass north of here, running be- 
low the south arm of Vermilion Lake, or perhaps crossing Pike 
river north of the rapids. The structure of these beds is parallel 
with that seen at the iron beds at the location southeast of Ver- 
milion Lake. Glaciation above the rapids is N. and S. 

The river above the falls and rapids is 923 feet above Vermilion 
Lake, by aneroid, and above the third rapids is 938 feet, where the 
glaciation was S. 10® W. The rock at these third rapids is of the 
same gray quartzyte formation, the strata running E. and W., and 
dipping S. at an angle of about 60®. On another knoll the struc- 
ture runs W. 25® N. This is also true just at the upper landing; 
in other places it is lost, the rock becoming massive, but having 
then a coarser grain. Where the structure is W. 25® N. the beds 
stand more nearly vertical. At a point on the left side, about a 
mile above the last portage, and before reaching the fourth rapids, 
there is an outcrop and a covered ridge of quartzyte, the beds of 
which are about 10® out of perpendicular, and dip to the north. 
Their edges run W. 5® N. 

Two other rapids in Pike river, passed without portage, show no 
rock in situ^ the water rolling over boulders, but at the first there 
is no doubt that the quartzyte from the ridge and outcrop last de- 
scribed closely underlies. A short portage is then soon made, at 
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the crossing of the ^'Vermilion road/' the rapids here being styled 
'^Derils gate rapids." Here also are only boulders, but from the 
size and frequency of large quartzyte masses, that rock is judged 
to be still underneath. 

At a point judged to be about five miles from Vermilion Lake 
occurs a low irregular outcrop on the right bank of the river, rep- 
resented by 

433. A iine-grained reddish gneiss. This does not show cer- 
tainly the direction of "bearing," but by its generally up and down 
fribture it seems to be allied to the quartzyte formation, as well as 
by its composition, the quartzyte formation sometimes passing in- 
to gneiss. This is highly inclined. 

About 3 miles further begins a portage across a cranberry marsh 
about a mile over. The trail is covered with about two inches of 
water, and the river is but little lower. 

The summit portage which leads to a stream flowing south (the 
Embarras) is over three miles long. It is a difficult portage, go- 
ing over alternating sandy plains of Norway pine and wet tama- 
rack or ericaceous bogs. In the swamps are laid small poles and 
sticks, which, if a person does not slip from, keep his feet out of 
the water and mud, but which from their insecurity to booted feet 
prove a gi-eat aggravation. It is mainly a flat country with a 
gradual descent to the south and occasional steps downward from 
plain to plain, the steps being boulder-strewn. There are also 
kames of gravel and sand. From the abundance of granite boul- 
ders, it is probable that the entire distance, from where the trail 
leaves Pike river to the Embarras, is occupied by one of the Lau- 
rentian belts, indicated also by the reverse dip seen at several 
points on the Pike river. It is really the Mesabi, or divide be- 
tween streams flowing N. and S. though the great range is about 
two miles further south. At about a mile from the north end of 
this long portage, (which is drift-covered and generally dry to t\m 
point) occurs a dome of moutonne-ed syenite, viz.: 

434. Syenite, with some of the feldspar flesh-colored, and some 
of it white. This is on the right of the trail, and spreads several 
rods round, rising 6 or 10 feet. This is about ^ mile north of 
where the famed "Mesabi Rights'' first appear in traveling south. 
From the north the "Mights'' have an irregular contour, not like 
the quartzyte and trap range along the Boundaiy and Mountain and 
Rqvc lakes, but more like a great drift moraine. They rise several 

*Iii parsing this Hiimmit portage the shrub Sweet Fern Is seen growhig abundantly, oif t 
gravel ridge or "kame". 
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hundred feet above the surrounding country. They may be su- 
perficially of drift, but probably their location, hight and compo- 
sition are largely made by rocky barriers.* 

The Embarras river is lake-like, for J mile:, then rapids, and J 
mile portage, the descent being 64 feet, to a lake. Throughout 
this portage there is no rock in situ — only Lauren tian boulders 
can be seen, and they are very numerous. The same is true along 
the river, except at one point where there is a visible bare rock, 
on the right bank of the same sort as the boulders, which is prob- 
ably in place, viz: 

435. A Laurentian syenite, like the rock No. 305, at the east 
end of Gunflint Lake, lying near the line of strike of the quartz- 
yte and slate formation. This forms here the lower reaches of 
the Mesabi. The range seems to be of drift. 

Along the east side of the next lalce is high land, but no rock 
can be seen. About a mile from the north end of this lake is a 
high knoll on the west side of the lake, but there is no sign of 
rock. The whole country is deeply drifted. This feature steadily 
increases in going south after leaving the south end of Vermilion 
Lake. The course of travel seems to be mainly in the line of the 
great central glacier of this part of the State. The Embarras riv- 
er here passes through one of its lateral moraines. This lake is 
about 5 miles long and averages ^ mile wide. At the foot of this 
lake is the ''Squagemaw Bridge" where the Vermilion road from 
Duluth crosses the river.* This bridge is about on section 5, T. 
58, 15. 

From Squayemaiv Bridge to Little Falls. 



High land extends indefinitely, in the form of hills, along the 
west side of the Embarras river, southwestwardly from the Squage- 
maw bridge (Sec. 8, T. 58, 15). These hills seem to be made of 
drift, lying here on the Laurentian (No. 435), without apparent 
conformity or parallelism with any rock-range, the river crossing 
the drift-range about a mile above the bridge. 

The road to the Mesabi iron location passes eastwardly from the 
bridge, through the northern tier of sections of T. 58, 15, reveal- 
ing a very fine, level (burnt) tract of farming land, underlain by a 
coppercolored drift-clay. In section 31, of T. 59, 14, the drift clay 
m seen to contain a great many pieces of jaspery and quartzitic 

•Squagemaw menus "last lake," hihI tlie word applies to the second lake below this. 
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rock from the gunflint beds. On Sec. 28, of the same town, near 
the center of the section, some surface work has been done to de- 
velop the iron of this region. Some shallow pits have been sunk 
f i and one east and west trench dug, but none of these works seem 

' 1 1 to have reached the bed-rock. The drift here consists almost ei^ 

- • j tirely of debris of the quartzyte and gunflint beds. Some pieces 

* f of pretty good haematite are also mixed with this debris. Near 
-1 the section line between 15 and 14 is another pit, sunk alongside 

^ ! the faulted rock of the gunflint beds, the face of the bluflf appear- 

1 ing above the ground and looking S. E. (A). The face then 

* I swings round so as to look south. The compass is exactly reversed 

* j by the proximity of magnetic oxide, glaciation being estimated at 
t I 20® W. of S. The ore here is closely associated with the rock, 

and they run together, and blend. 

Almost due west from the foregoing, distant about half a mile, 
are several other trial pits, intended to show the trend and surface 
i' characters of the layers containing the iron, (B). Here the 

face of the break looks north, and the beds dip a little toward the 
i ' south. The rock rises to the surface, and the needle is useless. 

^- The layers are about 3 or 4 inches thick, diflering from (A), where 

i the rock is massive or in heavy layers. Here seems to be a large 

^ amount of good iron, but it cannot be stated how far these char- 

acters extend without elaborate magnetic observations. The for- 
mation is the great quartzyte, probably near the bottom. 
i Along the road further northwest is another working (C), which 

* jt is near the road, and marked by a high ridge of the iron-bearing 
I '] rock running E. and W., and dipping nearly N. The upper part 
f j of this exposure is hardened and massive, and black. This is 
f 'i about 5 feet thick, as seen in the pit, and under it is a thickness of 

aboijt 5 feet more of a loose limonitic mass. This is a conspicu- 
j j ous irony ridge, but its eff^ect on the needle is not so great as at 

< I (A) and (B). 

; 436. Ore from the Masabi iron range, shaft (A.) 

f ; 437. Associated rock at (A.) This is charged with siderite. and 

I even becomes changed to siderite. as at Gunflint Lake. 

? ' 438. Ore from the Mesabi iron range; shaft (B). 

[ 439. Rock associated; similar to No. 437. 

i 440- Ore from the Mesabi iron range, shaft (C), near the bot- 

». tom; somewhat limonitic and carbonated. 

u 441. From the same shaft near the top. 

''^ About half a mile south of the last is a shallow pit dug for sil- 
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▼er. This is in the gray quartzyte. The country rock is some- 
what banded with iron. 

442. Rock of the country: from the Mesabi iron range, from 
a shaft sunk for silver. 

On this range of high land are considerable tracts of hard wood, 
with only scattering pines. The* large trees are gray birch, elm, 
sufs^ maple, white birch, black ash. The white pine and white 
cedar Qreep in slowly along damp spots or slopes, and some large 
tracts are principally covered with pine, the trees being some of 
the largest seen in the State. 

Other trial pits for iron were sunk in 1874 in t*. 60 N. said to 
have promised even better than the foregoing in town 59. 

Between the second and third lakes of Embarras River there is a 
rapid, and a descent of about 15 feet, making it necessary to 
portage about 20 rods. This makes a fine water-power, and is well 
situated for a lumber mill. No bed-rock is visible — only boulders. 

The country has but little grown timber, what there is being 
scattered Norway pine. The whole surface for many miles in all 
directions appears to have been devastated several times by fire 
during the last 15 years. Hence there is a small growth of asj)en 
almost everywhere, varying in age from one to a dozen yenrs. 
This lake is small, and the river goes by a similar rapid into the 
4th lake of Embarras River, with a descent of about 8 feet in 10 
rods. This lake is separated by narrows like a river into two parts, 
and finally passes into the real Squagemaw Lake (last lake) at the 
head of which is a sandy beach, the portage to which is about 30 
rods. This lake is larger than either of the last two. Below this 
lake the 'river has a considerable volume and current, and often 
sandy banks, the country also being flat and sandy, with generally 
small timber, mixed pine and hardwood, but many aspens and 
birches. 

White oak was first seen at Squagemaw Lake. There is no bur 
oak in this country, so far as can be seen in traveling this route, 
but various maples, ash and elm are common, also bass. The 
balm of gilead is not a common tree. It seems to prefer the lake 
shores. The land is generally dry (to town 56, 17), at least so far 
as can be seen from the river, with occasionally an exposure of 
drift-clay, affording small stones. The rapids along the stream 
show only bowlders, there being apparently a heavy deposit of cop- 
per-colored drift-clay over which the river runs. 

Passing down the St. Louis river to the mouth of the Big White- 
face river, the drift, which everywhere is thick and hides the rock (^oOqIc 
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from sight, can be summarized, so far as seen along the river, in 
three parts : 1. Red gravelly clay, or "' pebbly clay." 2. Lami- 
nated gray clay. 3. Red stony clay, the last being at the bottom. 

There is but little change in the features of the country, from 
Squagemaw bridge to the mouth of the Savannah river. It is all 
arable and habitable land, and is destined to be filled with an agri- 
cultural population. There are vast tracts on the St. Louis, above 
the mouth of Big Wliitef ace that are burnt, but seem to . have 
been generally more sandy than clayey, and are flat, the level be- 
ing about 30 feet above the river. At some points above there is 
a heavy red-clay drift, and the banks are about 40 feet above the 
river. At the Big Whiteface the banks are about 20 feet above 
the river, and the adjacent country is flat. The Savannah river 
drains a flat country, underlain by clay (which at its mouth is red 
and horizontally stratified), and each tributary is skirted by a grassy 
border on each side, which, further up, becomes a tamerack swamp, 
but nearer the main river is enclosed by aspen, on flat ground but 
little above the river. The region of the Savannah river is gen- 
erally timbered, mainly with aspen, somewhat with white oak and 
white pine and spruce, and an occasional tree of balm of Gilead. 
The old portage trail from the St. Louis to the Mississippi river, 
by way of the Savannah river, is now abandoned and obliterated. 
It is superseded by another 7 miles long, which leaves the St. Louis 
about on See. 27, T. 51. 20, about? | mile below the large island 
represented on the surveyor's township plats. This leads to Prai- 
rie Lake, and thence through Prairie river (when not too low), 
reaches Sandy Lake and the Mississippi. The country through 
which the portage passes is generally dry, but it passes through one 
cranberry swamp at about six miles from the St. Louis. The por- 
tage trail also lies on a glacial kame for 8ome distance, at about 
3| miles from St. Louis river. The country is not generally flat, 
but often undulating or even hilly, especially between three and 
four miles from the St. Louis. The kame mentioned runs some 
south of west, and has swampy tracts on the north and south 
sides. At 5 miles the drift was seen to be red clay, with pebbles. 

The trees to be seen on this portage consist of the JfoUowing, 
about in the order named for frequency: Aspen, white pine, 
white birch, balsam, tamarack, white spruce, Norway pine, soft 
maple, sugar maple, white cedar, iron wood, elm, ash (white and 
black), blue beech, black and bur oak, small red cherry (sometimes 
six or eight inches in diameter), bass, gray birch (small trees). 
There is much doubt whether the true black sp'^P,fj,|P*9w,§j^^^i^ , 
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State, or in the northwest — such as seen in Maine and used there 
for lumber. . Ours seema to be all white spruce, and rarely be- 
comes large enough for boards, although it does sometimes. Mr. 
Lapham names hemlock as one of the trees of Minnesota, but it 
has never been seen by this survey, nor can any one be found who 
can name a locality where it grows in the State. 

The level of Prairie Lake is about 135 feet above that of the 
St. Louis River where the portage leaves it, according to a series 
of Aneroid observations in an unfavorable state of the weather. 

Prairie River being too low for canoes, a portage of 16 miles is 
still necessary to the shore of Sandy Lake. This portage discloses 
no rock, but passes through a good drift-covered, agricultural 
country, flat to undulating, all timbered, formerly with much good 
pine. The western part of the portage, however, passes through 
considerable tamarack swamp. The swamp occurs before crossing 
the W. Savannah River. On the west side of that river (which is 
a tributary of the Prairie River) the land is dry and sandy, with 
small Norway pines. The shores of Sandy Lake are of sand, with 
only occasional points of gravel, or small boulders. On reaching 
the Mississippi River, the drift is seen to be gray hardpan, thus 
contrasting with the drift seen on the St. Louis, and on the port- 
age trail to Prairie Lake. At four miles above Aitkin it is also 
gray and of the later drift epoch. The flood plain is 14 ft. above the 
river generally, but occasionally new flood plains, now making, are 
from 5 feet (or from zero) to 14 feet high. The new plains gen- 
erally rise to the level of the old plain at their up-stream ends, where 
the two unite in one, the former gradually taking the place of the 
latter with an imperceptible diminution of height. This new 
plain sometimes extends, on one or both sides, for half a mile, 
or a mile, making it appear as if the real flood plain were but six 
or eight feet above the river. Suddenly a higher plain strikes |in 
from the country in traveling down the river, and by a single step 
the level is as before about 14 feet. Of course the river has all 
stages between the level of very low water and some feet above 
this 14 feet flood plain, since there are water m^irks on 
the trees considerably higher than 14 feet. At a point a short 
distance below Sandy Lake is a sandy- and timbered bluff" about 25 
feet high, having Norway pines, but with that exception there is 
no land between Sandy Lake and Aitkin visible along the river 
higher than this 14 ft. flood plain. The material of the flood 
plain is generally a horizontally stratified fine clay, varying to a£ne 
sand, but the laminations are sometimes oblique near ^^||^J"'|ei;^QQQ|g 
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level, and on the top sometimes the material is rather sand than 
clay. This jBood plain is heavily timbered with elm, .white oak, 
soft maple. These three make up more than | of all the trees; 
but there are also white birch, aspen, bass, black ash, white ash» 
gray birch, sugar maple, willow and among the conifers a sprinkling^ 
of white pine, balsam, spruce, tamarack (and one tree of white 
cedar.) 

Between the river and the village of Aitken, a distance of one 
mile, the country generally is not much higher than the above-men- 
tioned flood-plain, and rises imperceptibly from the river to the 
railroad, about five feet, the alluvium being replaced superficially 
by a gray hardpan, with boulders on the surface, the timber being 
also much the same. 

At about 15 miles below Aitkin appear unmistakable traces of 
a permanent higher flat, where it approaches the river and haa 
been cut off like a terrace-step by the action of the current. It is 
two to four feet higher than the flood-plain, but even then still 
appears to taper down stream to the level of the real flood-plain. 
In descending further this higher flat becomes more and more 
marked and persistent, the river itself also having apparently a 
lower flood-plain than before, so that the real dift'erence in bight be- 
tween the two plains is about 14 feet. This upper flat where it 
approaches the river, is markedly different from the lower flat 
which accompanies the river nearly all the way. It has small tim- 
ber, and a few scattering pines, with occasionally a clump of bal- 
sam or spnice, or is a devastated burnt plain, while the lower flat 
is timbered heavily with large trees of elm, oak, asb, and basswood, 
and is rarely invaded by fire. The upper flat is also very different 
from the lower in composition. For the most part it is a stony or 
pebbly drift clay, from the river upward (in one case seen to be a 
*'pebbly clay'' for 30 feet) with a rusty or yellowish sand on the 
top, though in some spots the sand is almost wanting- but the 
lower flat is a fine alluvium, generally a laminated clay. 

Further down the river, as at the mouth of Pine river, this up- 
per flat is unusually elevated, being about 80 feet above the flood- 
plain; while at points above it is seen to gradually increase in 
hight in descending the river^ the most common elevation being 
40 or 50 feet above the flood-plain. The same change is to be seen 
at and above Pine river as already noted. A lower flood-plain is 
seen to rise within the real flood-plain, at its upper end being near- 
ly ot the hight of the 14 ft. flat, and at its lower to gradually be- 
come less and less till it sinks to the level of the water. The t 
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highest flat has Bank^s pine at Pine river, and at some distance 
above. Tie high banks, where favorably exposed by slides^ are 
seen to be composed of gray clay, generally pebbly, but usually 
with boulders in the river adjacent. This clay is covered with a 
varying thickness of yellow stratified sand. The clay has some 
limestone, as from Winnipeg. 

But below the mouth of Pine river, about one mile and a half,, 
a red clay is exposed in a number of places, in cuts in the high 
banks of the river. This is stony and sandy, and is the probable 
source of the rusty sand seen to be lying over the gray clay already 
mentioned. Still further down, this red clay is seen overlain by 
much rusty sand. As a rolling or undulating surface gradually 
comes on, the ch4i6 are generally of this sand, or stones and sand 
with little clay, the river running faster and having a flood-plain 
of only six or eight feet hight. The gray color is still seen in low 
plains or flats lying between the red knolls, but, generally speak- 
ing, a change from gray drift clay to red takes place at the mouth, 
of Pine river. 

At the French Rapids, a short dirtance above Brainard, is a high 
and rolling tract of red drift which furnishes the boulders of the 
rapids. These hills rise 100 feet above the river just above the 
rapids. 

Below Brainerd the country is very sandy and undulating, and 
the flood-plain seems to be almost wanting. The timber is mostly 
« of JPank's pine. About Crow Wing there is less sand, but abund- 
ance of little stones and of gravel, and the banks are only 8-10 feet 
high, with rapid current and almost no floodp-lain. Higher drift 
banks are visible in the distance, east and west. Below the French 
Rapids the real **red clay" is not seen for some distance, at least to 
Fort Ripley, but in its place can be seen yellow sand and red sand,, 
and almost clean sand, and below this a stony gray clay, or only 
stony slopes to the water. But as red clay the drift appears only 
where mentioned, at and below the mouth of Pine river to the 
French Rapids.* 

Olmstead's Bar is a long shoal, about two miles below Fort Rip- 
ley, and the flood plain is low. No bedrock is visible — only stones 
from the drift. Prairie Rapids are near Belle Prairie, and are sim- 
ilar to Olmstead's Bar. At Belle Prairie the flat sets in on which 
is Little Falls, though it really begins somb miles above, although 
further north it is undulating, and can hardly be styled a continu- 
ous flat to Brainerd. It still seems to have been once the flood- 
plain of the river, in the same manner as at Little Falls. Ttis^^^^^^T^ 

uigitizea Dy ^^jOOV LC 






114 ANNUAL REPORT. 

probable that then, as now, the river had a swifter current above 
Belle. Prairie, and left on this plain a sandy sediment, and a sur- 
face more susceptible to change by wind, and less adapted to veg^ 
etation, circumstances which have tended to bring about a moder- 
ately broken surface. It is probable that an ancient morainic 
belt is crossed by the Mississippi between Pine river and French 
rapids. 
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III. 
PALEONTOLOGY. 



New Brachipoda front the Trenton mid Hudson River formations in 

Minnesota^ 

By N. H. WINCHELL. 



ORTHIS WHITFIELDI (N. sp.) 

Shell semi-oval, the hinge-line being a little less than, or equal to 
the greatest transverse diameter, the cardinal angles being a little 
greater than 90 degrees, the edge passing in a regular semi-oval 
curve through the antero-lateral angles, but sometimes with a very 
slight inclination in front toward the side of the receiving valve. 
Size varying from 9^ to 14 lines in transverse diameter, and from 
8 to 11^ lines in perpendicular diameter, in the large size the con- 
vexity being, between the umboes, 6^ lines. 

The receiving valve has a distinct and full beak and umbo, from 
which the surface slopes evenly to the margin all round, but hav- 
ing a little flatness at the cardinal angles. The cardinal area is 
arched, and at its union with the cardinal area of the entering valve 
forms an angle with it of nearly 90 degrees; its hight is about 1-6 
its length: iis foramen is tritmgular and reaches the beak, the 
width across the base being somewhat less than the hight; plica- 
tions of the surface are strong, direct and simple, but double their 
number on the umbo by implantation, and again in the same way* 
before reaching the margin, where they number from 36 to 48. 
Between the plicae are fine cross-ridges which sometimes rise to 
the tops of the plicae^ but do not cross them so as to be preserved 

♦By implantation is meant tliat metliod of fjncreiise wliicii is seen in the rise of Inter- 
mediate folds In the surface of the shell between the older pftcae, whether the new fold 
be in the middle, between the others, or is seen first to be nearer one than the other of 
the older folds, there being no change in the size nor direction of the larger folds. Bifur- 
cation signifies a nearly equal division of the larger folds which at first lessens their size 
and changes their direction. 
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in our specimens. A cast of the interior of this valve shows a dis- 
tinct general muscular impression, reaching a little more than one- 
third the perpendicular diameter of the valve from the beak, and 
divided longitudinally into shallow furrows and ridges converging 
within the beak, four of the former and five of the latter, with a 
crosB-etriation visible on that portion between the teeth and near 
the foramen. The central ridge in the general muscular impres- 
sion on the cast, does not reach the front margin of the scar, but 
gradually dies out, giving place to the adjoining parallel furrows 
which widen and coalesce, and show a longitudinal finer furrow- 
ing or striation. The next ridges, on either side, are marked and 
prominent, extending to the anterior angles of the scar, giving it a 
nearly straight, elevated front and angular comers, somewhat as 
in 0. subquadrata. The two outermost ridges are fainfcer, but ex- 
tend to the lateral margins of the scar. Still outside of all these 
ridges are traces of a similar furrowing within the beak, embrac- 
ing that portion between the teeth which has the fine cross-stria- 
tion. The outward plications of the valve are strongly marked on 
the cast for about 2| lines from the margin, and some of them run 
faintly even to the edge of the muscular scar. 

The entering valve is much less convex, but cannot be said to be 
flat, though it has a faint flattening along the center, which wid- 
ens to the front margin where it is changed, in the large specimen, 
to a slight concavity and produces a straightening, and also a very 
slight flexure, of the margin, in front of the cardinal angles also, 
on either side, is a flat or depressed area; cardinal angle parallel 
with the posterior margins of the valve, and a little more than one 
half the hight of that of the receiving valve; beak indistinct; for- 
amen triangular and about as wide as high, with a small central, 
smooth tooth which does not rise above the plain of the area, and 
only becomes visible on being cleaned and excavated. A cast of 
the interior of this valve shows marked internal characters. While 
the impressions of the individual diviricator and adductor muscles 
on the same side are not separable with certainty, owing to the 
faintness of the lines between them, the pairs of each are divided, 
on the cast, by a deep, sharp furrow that extends from the beak 
where it divides the divaricately striated cardinal process into two 
equal lobes, toward the front between the depressions of the hinge- 
teeth, to a point somewhat more than ^ the diameter from the 
beak, when it dies away, or runs into a broad, abrupt, medial de- 
pression which produces the flatness in the valve extending to the 
front margin. The external costae are deeply impressed on the t 
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cast about the margin, some of the lines running faintly within 
the vascular area. The exterior of this valve is also marked by 
concentric fine striations, especially between the costal. 

This species resembles Meek's description of 0. fissicosta^ H. 
more than any other, but in that the valves are nearly equally 
convex, the receiving valve has an abruptly pointed beak .and a 
narrow foramen, and the external costaeKre 19 or 20; the interior of 
the dorsal valve has no "defined muscular scars so far as known" 
(Meek), the muscular scar of the receiving valve has an oval-sub- 
trigonal outline, with two linear ridges that do not continue round 
the front; and the size of the shell is much less than this, our 
smallest specimen being two lines wider than the largest ever 
mentioned of that species. 

Named in honor of R. P. Whitfield of New York. 

Formation and Locality, In the Galena beds of the Hudson 
river formation, at Spring Valley in Fillmore county. 

Museum Register Numbers 277 and 429. 

Collector, N. H. Winchell. 

ORTHIS SWEENEYI (N. sp.) 

Shell suborbicular, with a straightening along the hinge-line, 
and having the general aspect of Orthis pectinella, but with a 
shorter hinge-line. 

The receiving valve is convex, with flattened lateral marginal 
areas and cardinal angles; costae coarse and simple, numbering 
about 22, all of which continue to the beak except two or three on 
each side, which in passing from the margins in front of the 
cardinal angles, rather terminate on the hinge-area. The costae 
and the furrows, which have about the same width, are crossed by 
fine, crowded, concentric striae; beak ^distinct, but not much 
elevated above the margin of the area; area slightly arched, but 
directed in the plane of the edges of the valves; area triangular, 
equilateral, containing a simple tooth which rises to the apex but 
is not developed so as to appear in the plane of the cardinal area, 
but is horizontally ribbed on either side. Interior unknown. 

The entering valve is flat, with a little elevation at the beak and 
umbo, and a broad slight concavity between the umbonal region 
and the front margin; costae the same as on the convex valve; 
beak small and more abrubt than that of the other valve; area low 
and flat, but of nearly the same hight as that of the other valve, 
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with which it forms an angle of about 45 degrees; foramen 
partially closed, but open below, broadly triangular. 

The transverse diameter is seven lines in the single specimen 
belonging to the survey, and the perpendicular is six. 

This species in general aspect greatly resembles 0. piefitiella of 
Conrad, but is essentially different, in that the foramen and area 
are on the flat valve instead of the convex one, the perpendicular 
diameter compares to the transverse as 9 to 12 instead of 6 to 7, 
the cardinal line is extended so as to equal, or nearly equal, the 
transverse diameter, and no mention has been made of the ex- 
istence in that of a cardinal tooth in the foramen of the convex 
valve. 

Named from Dr. R. 0. Sweeney, of St. Paul. 

Formation and Locality^ in the lower part of the Hudson river 
Shades, at St. Paul. 

Collector, N. H. Winchell. 

Museum Register Number, 3,520. 

(^ENis STROPHOMENA < Itafinesque, 1825.) 
(Maiiuel do Malarologie, of Blainville.) 

Under Orthisidal Mr. McC'oy has included ('1855, Bret, PaL 
Foss,) 1, Porambonites, 2, Orthis, 3 Orthisina, 4 Tjeptcena, 5 
Strophometm, 6 Leptagonia, and 7 Chonet^s, but under Leptwna he 
places Leptama, '''restricted y' Strophomemi, Bof. Leptagonia, 
McCoy, and Chonetes, Fisch, as subgenera, vrith the following dis- 
tinctions, viz.: 

1. Ijeptwna of Dalman, restricted to the type of his last species 
( L. transversa lis), in which the valves are almost equally curved in 
the same direction, the receiving, or foraminated one. convex, the 
other concave outwardly. 

2. Strophomena, in which the valves are flat or very slightly 
convex when young, the margin in a few species becoming, by age, 
deflected, usually toward the receiving valve, as in S, rugosa (Rof.) 
" — resupinate species. 

3. Leptagonia (McCoy), with both valves abruptly bent at right 
angles toward the entering valve, and the rosteal portion concen- 
trically wrinkled. 

4. Chonetes (Fisher), only different from Leptaena(as restricted) 
by having a row of spines on the hinge-line, thus approaching 
Prodnctus. 

By this classification most of his species fall under I^t^^w. ^ 
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Mr, Billinga, in I860,* makes two groups of the Geiiu^ Stophd'- 
mena, taking S. altemata, of Conrad, as the type of one, and Sr 
JilUexta, of Hall, as the type of the other. Of these the former 
has the entering (dorsal) valve concave, or sometimes nearly flat^ 
and includes the species altemata (Con.), deltoidea (Con.), cainerata 
(Con.), tenuistriata (Sow.), incrassata (Hall), nitens (Bill.), Ceresf 
(Bill.), Leda (Bill.), Philomela (Bill.), imbrex (Pan.), and rhomhoi' 
dalis (Wilck), and perhaps others. The latter group contains the 
resupinate forms which have a concave receiving valve, viz: Jili- 
texta^ (Hall), Jiucttwsa (Bill.), recta (Con.), planoconvexa (Hall), 
antiquata (Sow.), planumbona (Hall), and subtenta (Con.) 

At the same time lyfr. Billings retains under Leptwna^ the spe- 
cies decipiens (Bill.), and sordida (Bill.), as well as sericea (Sow.), 
without specifying what diflFerence hfi, relies on to distinguish 
Ijeptwtui from Stophonetui. 

Mr. Meek has maintained the genus Lepfcnui by describing and 
figuring L. sericea (Sow.) in the First Volume of the Palaeontology 
of Ohio, and divides the genus Strophomena into two parts, one of 
which represented by S, rhomboidalis^ Wilckens, is taken as the , 
type of the genus, and is the equivalent of the altemata group of 
Billings, and includes \>oth the restricted Ijcptama and the Lepta-- 
gonia groups of McCoy. The resupinate species he distinguishes 
by placing them together under the sub-genus Hemipronites, 

The conflict which exists l>etween these twd generic names 
(Strophomena and Leptcena) seems to have arisen from two causes. 
Ist, their nearly synchronous adoption and use in diflerent coun- 
tries, and 2nd, the very general and incomplete definitions by 
which they were made known. Dalman's genus, Lept(tna^ was 
erected in 1827 (Kongl. Vet. Acad. Handl.) and embraced not only 
the type form rhoniboidaiis (under other specific names), and spe- 
cies of Productus, but also other types of Strophomena and Leptce- 
na^ as those genera are now usually understood (Meek), while Rafin- 
esque's genus, Strophomena, though used by him and Defrance, in 
brief and unsatisfactory allusions, for several years before, was fairly 
published as early as 1825, when Blainville figured and published 
a brief description {Man, de MalacoL) But in this description Mr^ 
Meek says that doubtless an American resupinate specimen, later 
named planumbona by Hall, was described under one of Rafines- 
que's names (rngosa, adopted from Dalman, applied by him to a 
non-resumpinate form). Hence it is evident, not only that each 

^Couadiau ynttiralM and Gcol^iisf, Vol, 5, 1860 ; and Pal. F<ww., Vol. 1, p. 115. y--^ j 
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author included all the forms under his own designation, but that 
they had not noted the distinctions that were subsequently brought 
out. The names must therefore be regarded as perfectly synony- 
mous, and the earlier published, under the recognized law of pri- 
ority, should take precedence. 

The remarkable diflFerences that divide these brachiopods into re- 
supinate aud non-resupinate groups, seem to call for a generic 
designation for the resupinate species. Provisionally therefore 
we shall follow the suggestion of Mr. Meek and range these spe- 
cies under Pander's genus Hemipronites^ proposed in 1838 but not 
defined. For the present the Permian and Carboniferous name of 
StreptorhynchnSy proposed by Prof. King ij^ 1850*, though perhaps 
covering some of our species according to the discrimination of 
Prof. James Hall in the 4th volume of the Palaeontology of New 
York, (p. 64) may be restricted perhaps to the rocks of that later 
geological horizon, when its characters are fully exemplified. 

Gen, Char. Shell semi-circular, or semi-oval, with a hinge-line 
about equal to the transverse diameter, a convex receiving valve 
when adult, and a flat or concave entering valve, narrow cardinal 
area, inconspicuous or small and abrupt beaks, and radiately and con- 
centrically striated exterior; receiving valve with a minute perfor- 
ation in the beak, iis foramen nearly or quite closed by the divided 
cardinal process of the other valve which is more or less covered by 
adeltidium rising from one or both valvesf; visceral disc of the re- 
ceiving valve frequently rugose concentrically. 

STROPHOMENA MINNESOTENSIS (N. sp.) 

Synonymy and Reference, — Leptaena deltoidea, Owen,, Geol. Rep. 
Wise. Iowa and Minn. p. 629, Tab. II, b. fig. 10. Winchell, Geol. 
& Nat. Hist. Survey, Minn. Rep. for 1872, p. 101. Ihid for 1876 
p. 148 and 212, Ibid for 1879 p. 62. 

Shell semi-oblong or semi-oval, with the cardinal angle about 90 
degrees, or less than 90 degrees; diameter from six to nine lines 
transversely, and from four and a half to eight lines perpendicular- 
ly; the receiving valve convex, sometimes more suddenly deflected 
after passing the visceral area; entering valve gently concave, but 
flexed more rapidly about the margin; the exterior of the convex 
valve marked by fine radiating striae, every third, fourth or fifth 
one being larger than the intervening ones; interior of the convex 

♦Monograph of Permian Fossils, 1850, p. 107. 

tProf. James Hall says (16tli Beg. Rep, p. 63) that S. nigom (r/iombo(dal(«) and S. dUer- ^ 
naia have a deltldiiim on the dorsal (concave) valve. S. aspera, Jams, has also. r\r\\r> 
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valve, which is best known from its frequent casts, shows a large 
muscular impression much resembling that of S, alteniata as fig- 
ured by Meek in Vol. I. Pal. Ohio, plate VII. fig. 3c. but somewhat 
bilobate in front, and larger in proportion to the size of the valve; 
scars of the abductor muscles closely approximate, small and in 
many casts of this valve undistinguishable; behind they are sep- 
arated (on the casts) by a short merial ridge, which between them 
becomes at firsi^ a narrow mesial furrow and then a deep furrow, 
terminating at the sinus between the outer, larger, scars; the outer 
larger scars (cardinal muscles) are radiately striated from the beak; 
their margins are strongly marked (on the cast) along their pos- 
terior sides by distinct grooves formed by the dental plates, which 
diverge at once from the foramen at an angle of 100-120 degrees, 
running nearly straight to the outer margins of the muscular scar, 
when they curve slightly toward the front; the anterior and lateral 
margins of the general muscular impression are slightly marked 
on the casts; outside of the muscular scar is a shallow marginal 
impressed line which is most evident at the cardinal angles as it 
converges toward the beak; interior edge of the cardinal line is 
carinate, from the teeth to the cardinal angles; the details of the 
markings in the apex of the beak are seen on the valve itself to 
consist of two short, distinct, diverging ridges extending not much 
beyond the hinge-teeth, between the anterior ends of which rises a 
short mesial ridge of about the same size and length, with faint 
linuar ridges parallel with it on each side, which extend a little 
further forward than the mesial ridge. The mesial ridge first 
gives place to a flat unmarked interval, when it again rises more 
conspicuously, but narrower and sharper, extending nearly to the 
sinus separating the lobes of the outer muscular scar. The car- 
dinal area of the convex valve slopes from the hinge-line obliquely 
backward, instead of being in plane with the lateral edges, thus 
differing from S, alternata. From three to five short undulations 
of the shell transverse to the cardinal line, are seen often between 
the umbo and the cardinal angles the heavier ones being near the 
cardinal angles. The cardinal process is bifid and prominent, but 
not spreading or fan-shaped, the two parts being short, smooth, 
dantate protuberances that stand prominently exposed about paral- 
lel with the plane of the cardinal area. 

The interior of the entering valve is very different from that of 
the entering valve of S. alt^rnata. The general visceral disc is 
nearly fiat, surrounded by a suddenly fiexed margin, inside of which 

is a shallow impressed broad line, most evident round the front :^ t 
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inside the cardinal angle are a few scattered, radiately-interrupted, 
short ridges or elevations, but these do not prevail along the side 
nor in front, the surface there being smooth or finely granulated 
instead; in the center of the valve are five smooth, abrupt, digitate- 
ly spreading ridges, the middle one of which is a little larger and 
longer than the others; these rise more abruptly at their anterior 
extremities than behind, but none of them reach the beak, or even 
the umbonal region, though the exterior pair of lateral ^ones are 
placed further back than the others, converging at an angle of 
about 70®. Socket ridges very short and widely divergent; behind 
them are small, doubly groved sockets. 

Formation and Locality: This species occurs in the sub-crys- 
talline dolomytic layers of the upper part of the Trenton, at Min- 
neapolis. It exists most numerously as casts, of which hundreds 
are obtainable. Sometimes they nearly cover slabs when split 
open in quarrying, associated with Hemipronites Jilitextus (Hall), 
Orthis tricenaria, and species of Miirchesonia and Edmondia. 
They do not vary much in size. They have been referred to in 
describing the rock at the falls of St. Anthony, by Dr. D. D. Owen^ 
as S, deltoidea, and, following his identification, by the writer in 
reports of progress of the survey. Without seeing the interior of 
the flat valve, it is nearly impossible to distinguish this species 
from S, altemata of Conrad, except that it is much smaller than 
that species generally is. 

Collectors. N. H. and H. V. Winchell and C. L. Herrick. 

Museum Register Numbers. 3521 (—180), 681, —3522 (199). 
2192 and 3523. 
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IV. 

THE MUSEUM 

REPORT FOR 1880. 



The south room of the Museum has been rendered more attrac- 
tive and useful by the erection of a large, single, central case in the 
middle of the room, designed to contain distinctively the rocks, fos- 
sils, minerals and soils of Minnesota. Into this have been placed 
such ^portions of the survey collections as are ready to be put on 
exhibition, or that could be spared from the laboratories. In the 
lowBT portions of the other cases in the same room have been placed 
additional shelving, which nearly doubles the former capacity of 
those cases. Here have been arranged rock-samples from various 
parts of the United States, and from Europe, as well as large spec- 
imens of ores and minerals that could not be contained in the tops 
of the same cases. One of these has been set aside for archsBolog- 
ical specimens. 

The zoological collections in the north room have been increased 
by the contribution of two series of specimens by the Smithsonian 
Institution, constituting Set 37 of Invertebrata^ containing 155 
species, and Set 46 of Fishes^ containing 73 species, on behalf of 
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; iji •: the United States National Museum, from collections of the Uni- 

ted States Fish Commission, through the courtesy of Prof. S. F. 
Baird. 

Specimens presented to the Museum will be found enumerated 
and acknowledged in the following catalogue: 
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CATALOGUE OF ARCH^OLOGICAL SPECIMENS IN THE 
GENERAL MUSEUM. 



1 . Flint arrow point from near Bismarck. Presented by Col . C . A . Lounsbury . 

2. Chert implement, unfinished; from near Bismarck. Presented by C. A. 

Lounsbury. 

5. Quartz chippings (fine), Little Falls, Minn. "Collected by N. H. Winchell. 
4. Quartz chippings (coarser), Little Falls, Minn. Collected by N. H. Win- 

cheU. 

6. Quartz chippings (coarse) , Little Falls, Minn. Collected by N . H. Winchell. 

6. Chert implement, "finished." Mouth of the Little Elk River, near Littie 

Falls. Collected by N. H. Winchell. 

7. Quartz implements, Little Falls, Minn. Collected by N. H. Winchell. 

8. Copper spear-point. Medicine Lake, near Minneapolis. Presented by 

Henry W. Howling. 

9. Stone hammers, from the ancient mines of Isle Royale. Collected by N* 

H. Wmchell. 

10. Charred wood, from the ancient mines of Isle Royale. Ck>llected by N. H. 

Wmchell. 

11. Pounded copper flakes from the ancient mines of Isle Royale. Collected 

by N. H. Winchell. 

12. Three hiunan skulls from the mounds at Big Stone Lake. Collected by 

N. H. Winchell. 
18. Blue-glass bead, from the mounds at Big Stone Li\ke. Collected by N. H. 
Winchell. 

14. Perforated bone disk (bead?), taken from the mounds at Big Stone Lake 

by N. H. Winchell. 

15. Red Catlinite pipe, from the upper Minnesota River, formerly ownedby 

Mireall and Roberts. Presented by N. H. Winchell. 

16. Indian pipe, of the "pipestone" at Fort Francis. Collected by N. H. Win- 

chell. 

17. Burnt clay'pipe, from the mounds opened near Lanesboro. Presented by 

B. A. Man, Esq. 

18. Photograph of clay image of the human face, found in the Lanesboro 

mounds. Presented by G. K. Day, Esq. 

19. Flint chips and shells, from the Atlantic coast near Salem, Mass. Collect- 

ed by C. W, Hall. 

20. Stone hammer, withed, from near the Lower Agency on the Minnesota 

River. Collected by N. H. Winchell. 

21. Collection of arm and leg bones, including one perforated humerus^ from 

the mounds at Big Stone Lake. Collected by N. H. Winchell.« 
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22. Lot of human teeih taken from the mounds at Big Stone Lake. Collected 

by N. H. Winchell. 

28. Miscellaneous bones and fragments of bones, mostly human, from the 

mounds at Big Stone Lake. Collected by N. H. Winchdll. 

24. Potteiy fragments, from near Bismarck. Presented by Col. C. A. Louns- 

bury. 

25. Arrow heads, from Spring Valley, presented by John Kleckler. 

26. Chippewa bark canoe and two paddles made at Grand Portage, Lake 

Superior; used by the Geological survey. Collected by N . H. Winchell. 

27. Human femur from a mound, Sec. 6, Rutland, Martin county. Collected 

by Warren Upham. 

23. Portion of a skull and jaw fr«m a mouiid. Sec. 6, Rutland, Martin county. 

Collected by Warren Upham. 

29. Left ramus of jaw, from a mound. Sec. 6., Rutland, Martin county. Col- 

lected by Warren Upham. 

30. Pottery, probably by recent Indians, E. side of Talcott Lake, 1 — 2 ft. below 

the surface. Land of Wm. Crapey, ne }i sec. 30, Southbrook, Cotton- 
wood county. Collected by Warren Upham. 

31. Human skull, from a n^ound. Green Lake, Kandiyohi county. Collected 

by C. M. Terry. 

32. Fragments of two human skulls. Green Lake, Kandiyohi county. Found 

in a mound. Collected by C. M. Terry. 
38. Fragments of leg bones. Green Lake, Kandiyohi county. Collected by 
C. M. Terry. 

34. Water- worn pebble (supposed to be wrought by man). Green Lake, Kandi- 

yohi county. Collected by C. M. Terry. 

35. Teeth and bones of (buffalo?), Green Lake. Collected by C. M. Teny. 

36. Arrow-head of flint, Rochester, Minn. Presented by W. D. Hurlbut. 

37. Quartz arrow-head chippings, (unassorted), Pike Rapids. Collected by N. 

H. Winchell. 

38. Quartz fragments and chippings (also two pieces of gneiss), dug from the 

alluvium at Little Falls. Collected by N. H. Winchell. 

39. Flint arrow-head. Medicine Lake, Heimepin county? 

40. Pottery, bones, piece of skull, etc. In black soil IH-^H ^^et below the 

surface. Green Lake, Kandiyohi county." Collected by Warren Upham. 

41. Bones, pottery, chipped flints. Green Lake. Warren Upham. 

42. Hatchet (recent) made of Catlinite. 

43. Gunflints, (2 spns.) Found at Gunflmt Lake in 1878, by N. H. WincheU. 

44. Gunflintg, Oxford Mills, Canon Falls, Goodhue county. Collected by N. H. 

Winchell. 

45. Bones, pottery, etc.. Green Lake. Warren Upham. 

46. Human ulna, from mounds near St.* Peter. Deposited in the museum by 

J. Blackiston. 

47. Foot bone (great toe), from mounds near St. Peter. Deposited in the mu- 

seum by J. Blackiston. C^r\r^r\]r> 
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48. Finger bone (bad a ring on) from mounds near St. Peter. Deposited in 

the museum by J. Blackiston. 

49. Fragment of iradius, from mounds near St. Peter. Deposited in the mu. 

seum by J. Blackiston. 

50. Silver wristlet, stamped ''Montreal'* and "B C/' from mounds near St. 

Peter. Deposited in the musem by J. Blackiston. 

51. Two copper ear pendants (tubular, one has hair in it), from mounds near 

St. Peter. Deposited in the museum by J. Blackiston. 

52. String of thirty, small, white china beads, from mounds near St. Peter. 

Deposited in the museum by J. Blackiston. 

53. One large, brown, glass bead, from mounds near St. Peter. Deposited 

in the museum by J. Blackiston. 

54. Four common pins, from mounds near St. Peter. Deposited in the mu 

seum by J. Blackiston. 

55. One sewing needle, from mounds near St. Peter. Deposited in the mu- 

seum by J. Blackiston. 

56. Pearl ornament, somewhat heart-shaped, ftt)m mounds near St. Peter. 

Deposited in the museum by J. Blackiston. 

57. (Juartz, arrow point (opaque white), from mounds near St. Peter. De- 

posited in the museum by J. Blackiston. 
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V. 



LIST OF BOOKS IN THE LIBRARY OF THE GEOLOGICAL AND 
NATURAL HISTORY SURVEY. 



Journal of the Academy of Natural Science of Philadelphia. 1817 to 1840. 

Eight volumes. 
Proceedings of the Academy of Natural Sciences of Philadelphia. 1841 to 1878. 

Thirty volumes. 
Journal of the Academy of Natural Sciences of Philadelphia. New series, 4to. 

1847 to 1881. Eight volumes. 
British Pakeozoic Rocks, and Fossils. Sedgwick & McCoy. 4to. 1855. 
Memoirs of the Geological Survey of Great Britain, and of the Museum of 

Practical Geology. 1846 to 1872. Four volumes. 
Transactions of the Geological Society of Glasgow. Paleeontological series. 

PartL 
The Silurian Brachiopoda of the Pentland Hills. Thomas Davidson. 
Owen's Odontography. Text and Atlas. Two volumes. 1840-1845. 
The Geological Survey of New York. Annual Reports for the years 1837, 

1838 and 1840. Two volumes. 
Transactions of the Geological Society of Glasgow. Vol. 1, Part II. On the 

phenomena of the glacial drift of Scotland. By Archibald Geikie. 
Transactions of tho Academy of Science, St. Louis. Vol. IV, No. 1, 1880. 
Owen's Geological Survey of Wisconsin, Iowa and Minnesota. One volume 4to. 
The Canadian Naturalist and Geologist. Vols. I to VIII. 1858 to 1863. Mon- 
treal. 
The Canadian Naturalist and Journal of Science. Vols. I to VIII. 1864 to 

1875. Montreal. [Vol. 4 has only Nos. 1, 2 and 4. Vol. 6 has only 

Nob. 1, 2 and 3. 

Traite de Palseontologie. Pictet. 2d Edition. Paris 1853. Four volumes, 8vo 

and 4to Atlas. 
Publications of the Palseontographical Society. London. Thirty volumes, 4to. 

From 1848 to 1876. (31 vols, as issued.) 
Murchison's Silurian System, 4to; and case with large map. 
Russia and the Ural Mountains, 4to. Vol. 1, Geology. Vol. II, Palseontologie 
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VI. 

THE WATER SUPPLY OF THE RED RIVER VALLEY. 



Since the exaiQination of this important subject in 1877, and 
the discussion in the report of that year, very general attention 
has been given to the ways and means of obviating the difficulties. 
In a great many instances the same methods of curbing wells with 
pine planks, attended by the same serious consequences, have been 
followed, but the more enlightened well-diggers, and the proprie- 
tors of large farms have generally abandoned that manner of curb- 
ing wells, and have resorted to tiKng or brick, or to iron tubing; 
and in numerous cases deep wells have penetrated the drift to that 
depth where!a supply of non*alkaline water has been reached, hav- 
ing an artesian overflow. 

At South Crookston, Mr. E. S. Corser bored to the depth of 190 
feet, penetrating through the blue clay into coarse sand, or fine 
gravel, affording sweet, cool water, quite soft, which rises ten feet 
above the surface, through a three inch pipe at the rate of three 
pailf uls per minute. 

At Lockhart, Polk county, Mr. 0. E. Spear has sunk four wells 
which supply artesian water. That on the Lockhart farm is 140 
feet deep; it has a great pressure upward, the water rising, when 
unconfined, in a four-inch tube to the height of five feet above the 
surface of the ground. 

The artesian "salt well" at St. Vincent was sunk by the St. 
Paul and Pacific raih'oad company, the work being done 
by Mr. 0. E. Spear, of Minneapolis. Respecting the strata 
passed through, and the position of the well, the following com- 
munication from Capt. Edward Collins, of Fort Pembina, gives full 
particulars. A sample of the water of this well is being analyzed 
by the survey, and will be reported in a general report on the 
Hydrology of the State, 
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Fort Pembina, D. T., January 20, 1881. 

X. H. WuicheU, State Geologist, Minneapolis, Minn. 

Sir; In response to your communication oftheSthinst., 1 have the honor to en- 
dose herewith a trace of a drawing, showing the section pasned through in boring 
the artesian well at St. Vincent, Minn. 

The well has been stopped to prevent the flow of salt water, and a sptvimen 
cannot be sent as desired. Some idea of its character may be inferred from 
the &ct that a dish holding one inch in depth, measuring five mches across the 
top and three inches across the bottom left upon evaporation about )^ of an inch 
jn thickness of a deposit, perfectly deai- and reported by the assistant surgeon at 
the Post (Dr. H. 0. Perley, U. S. A.) as chiefly made up of common salt with a 
mixture of lime and magnesia. The altitude to which it would rise was not as- 
certained. It flowed over the pipe at about the rate of a common water bucket 
in something less than a minute as nearly a« can be recollected. The water was 
clear; temperature judged not far from 50® and effervescetl slightly upon (X)ming to 
the air. 

The stratum of limestone concrete was easily drilled and the pipe was forced 
after it with great difficulty, iivjuring it at the bottom in so doiflg. A smaller 
pipe should have been inserted and carried through this deposit. The stratum 
of gravel underneath was very loose and dry, the pebbles identical with 
those found in connection with the Cretaceous deposits on the Missouri river. 

The sand in which the water was found appeared the same as that on each 
aide of the valley where it meets the table land. 

The nearest salt water is in a small tributary of the Red River from the west 
a few miles south of this point. This stream coming into the valley fairly fresh, 
though somewhat alkaline, emerge* from a small lagoon, very salt, having had 
apparently, at this point, some communication with the salt deposit, which ap- 
pears to underlie the valley. 

No trace of any organic body could be seen in any of the strata penetrated. 
They are considered as of the Cretaceous period. 

Water is found by the settlers generally by digging a few feet in the marly 
subsoil. It is nothing but surface water, though it can be, and is used for all 
domestic purposes. The best water in the valley is from the Red River itself, 
and this is really good water, nor is there likelihood of finding any other source 
of supply except by boring very deep artesian wells or storing rain water in ds- 

tems. 

It is hoped the experiment of sinking a well far enough to strike a supply of 
pure water will be undertaken. 
Please acknowledge receipt. 

Very respectfully, 

Your obedient servant, 

EDWIN COLLINS, 

Captam 17th Infantry. 

Commanding Post. 

12 
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Section showing deposits in the Red River Valley, near Fort 
Pembina, D. T. as found in boring for water at St. Vincent by St. 
P. & Pacific R. R. Co., Jan. and Feb., 1879. 

Scale — one inch to 30 feet. 



Road Bed of St. P. & P. R. R. 



Fining. 5 



Alluvium. 



Pale, drab-colored, clayey marl, ver>' compact and uniform 
throughout its whole thickness luitil near surface of under- 
lying rock when a few lime pebbles were noticed. No 
water In any part. 



-112 



Limestone concrete, containing water- worn pebbles- 
soft, easily drUled. 



16 



Made up of hard and soft pebbles and sand, some flint interspersed. 



Olay. compact, blue. 



Sand, very loose ; mixed with pebbles ; containing water 
flowing to top of pipe, very salt and unfit for use. 
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This water seems not, according to Dr. H. 0. Perley, U. S. A. at 
Fort Pembina, to be a pure brine of chloride of sodium, but con- 
tains, along with sodium, a considerable quantity of magnesium 
and calcium. In other words it is one of the alkaline waters of the 
valley. ^A 

At Audubon station two wells have a depth of sixty feet, f One 
is the town well and the other is that of Wm. H. Irish. In these 
the water rose nearly to the top, but does not overflow. 

On sec. 28, Hamden Becker county, the well of John CroU, 75 ft. 
deep, supplies water that rises 14 ft. above the surface. Another 
three miles further north, owned by E. N. Jellum, has a depth of 
100-110 feet, and is also a flowing well Digitized by 
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At Glyndon, on the farm of G. S. Barnes, is a well 112 feet deep, 
in which the water rose 102 feet. 

In Wilkin county, Campbell village, the well at the Pacific 
House is 47 feet deep and the water stands at 6 ft. below the top; 
and another on sec. 10, T. 130, R. 46, owned by Robert Glover has 
a depth of 53 feet, and the water rose to within four feet of the 
top. 

The railroad well at Tintah, in Traverse county, is 55 feet deep 
and is a flowing well, and another 4 miles S. £. of this was form- 
erly flowing. The water of the Tintah well was chemically exam- 
ined and reported in 1877. 

It seems probable that this method of obtaining water will be- 
come common in the valley of the Red river of the North. The 
conformation of the drift deposits is such as to warrant the ex- 
pectation that over a large area, on both sides of the river, artesian 
water can be obtained. It is similar to that in northwestern Ohio. 
The continuity of the till from the Leaf Hills across the valley 
westward, is like that of the drift sheet in the Maumee valley. 
The artesian wells at Toledo, and in Defiance county, are exactly 
duplicated by those at Glyndon and Crookston. The rolling and 
more gravelly drift of the Leaf Hills furnishes the supply and res- 
ervoir for these wells. When the water has once entered beloi^r 
the clay sheet it finds no exit through it upward, and remains un- 
der hydrostatic pressure, which forces it upward with great vio- 
lence when it is released by sinking these wells. While several of 
these wells have given a non-alkaline water, that cannot be ex- 
pected of all such wells in the valley. 

Simple Tests of lAie Qualities of Water. 

The detection and determination of the mineral and especeially 

organic of the impurities of wdter, when carried to ultimate results^ 

is one of the difficult opperations of chemical manipulation ; but 

a few directions can be given to enable any one to make some 

general distinctions, by means of such reagents as are accessible 

either at home or at the nearest drug store. These would be of 

use to those who desire to know something about the nature of the 

impurities found in the water of their wells, but do not wish to 

incur the expense of a full quantitative analysis. 

*These tests have been selected as the mosteasilyjavailable ; with the co-operation and 
assistance of Prof. Dodge. 
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1. Solids in Solution. 

Linie, This is mostly in solution as bicarbonate, or as sulphate, 
and is found in nearly all common wells; it is known by the fa- 
miliar quality which is described as "hard,'' i. ^., with common 
soap it produces a second soap which is precipitated, or floats in 
flocks in the water. It also becomes evident, when the water is 
boiled, by the formation of a crust of lime on the interior of the 
kettle. A chemical test consists in adding a few drops of hydro- 
chloric acid, then a few drops of oxalic acid (2 drms. in 2 oz. water, 
cost 10 cents,) and then aqua ammonia, when a white precipitate 
is formed. 

Iron. If a well contain chalybeate water, which is also common- 
ly the case in gravelly districts, it has an " irony " taste, and on 
repeated evaporation on a plate will leave a Aisty sediment. The 
evaporation is best performed in a teacup placed in a tin cup of 
boiling water on a hot stove. The brown residue is mostly oxide 
of iron. To confirm this^add to the residue a drop or two of pure 
Hydrochloric acid, than a drop of fetrocyanide of potassiun; a blue 
color and a precipitate is produced, (for solution of ferrocyanide of 
potassium. 2 drams, in 2 o/. distilled water; cost about 12 cents). 
Water may contain as much as two-tenths grain of iron per gal- 
lon, without being injurious as a drinking water. 

A delicate test for iron in water consists in stirring a quantity 
of the water, in a porcelain dish, with a glass rod previously moist- 
ened with sulphide of ammonium If the water becomes colored 
or turbid, it contains either lead, copper or iron. If a few drops of 
hydrochloric acid then be added, and the color disappears or is sen- 
sibly reduced, the water contains iron; but if not, the coloration 
was produced either by lead or copper. 

Lead and copper. The above test for iron will determine the 
presence or absence of these metals. If lead, copper aud iron are 
all present, the coloration will be reduced somewhat, but will not 
wholly disappear. [Sulphide of ammonium solution 2 drams, with 
bottle should cost about 20 cents. The bottle should have a dark 
paper pasted all around it.] 

Alkalies and Alkaline Earths, In most of the surface and well- 
waters of the western part of the State, particularly in those parts 
where the "blue clay" exists, the product of the glacial epoch, is 
found a greater or less amount of either soda or potassa, as well as 
of the alkaline earths, lime and magnesia. These are derived from 
the clay, or glacial-drift deposit that covers that part of the State, 
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as well as much of Iowa, Nebraska and Dakota. To the drift 
they were supplied by the Cretaceous clays and shales which by their 
disintegration have so largely augmented the impervious drift- 
sheet in those States. They came originally from the waters of 
the alkaline ocean, which deposited the Cretaceous rocks These 
alkalies (soda and potassa) if present in observable or objectionable 
quantities, can be detected by the taste. They cause a soapy, or 
alkaline, or somewhat nauseating taste in the water. Persons who 
are addicted to the use of such water soon lose the ability to dis- 
tinguish these alkalies, and they may experience little or no injur- 
ious eflfects; but a novice is at once struck with the peculiar taste, 
and perhaps sufiFers a derangement of the disgestive system if he 
persists in drinking the water. Such waters are not odorous. 
Water containing these impurities only is clear, and to the sight 
and smell is very inoflfensive. It is when they come into contact 
with vegetation, or any organic substance, that they become the 
cause of rapid chemical reactions that result in foul odors. The 
organic acids replcae the acids in combinMion with the alkalies, and 
sulphuretted hydrogen, and perhaps other gases, are set free to per- 
meate the water or to pass away in the air. The special chemical 
tests for proving the presence of soda or potassa are rather too 
complicated to be of service to the non-professional well-owner. 
If a more delicate examination is desired several gallons of the wa- 
ter must be sent to some practical chemist. If the water has a 
bitter taste, like epsom salt, it shows the presence of sulphate of 
magnesia. 

2. Orgranio Impurities. 

The presence of organic impurities in the wells of the prairie 
portion of the State is very common. These do not come from 
the clay in which the wells are dug, but from the pine curbing or 
some other local, and generally removable, cause in the surround- 
ings of the well. Sometimes a long wooden tube, serving for a 
pump, is the source. The supplv of these organic impurities is 
provoked and hastened by the prevailing alkaline qualities of the 
waters. {See the sixth annual report for a full discussion of the 
water supply for domestic uses in the western part of the State)^ 
These organic impurities are the chief source of danger to the 
farmer, as they have been the cause of hundreds of cases of typhoid 
fever. If the organic impurities are odorous and very offensive, or 
if the water contain sulphuretted hydrogen, the fact mav ^^J>yji[)Qlp 
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by throwing into a tumblerful a pinch of sugar of lead, when 
the water will become black.* If the organic impurities are not 
odorous, so as to attract attention, still their presence may be 
detected by what is known as the "ammonia process." This method 
is in general use among water analysts, though the "permanganate 
process" is also employed, the latter being the more simple, but the 
former the more delicate and correct. For the purpose of the well- 
owner it is best to state here only the permanganate process. A dilute 
solution of permanganate of potash is to be added to a tumbler nearly 
filled with the water to be tested. If the water is free from organic 
impurities, the coloration of the water by this addition, will be per- 
manent; but the clarification of the water, in a moment, indicates 
the presence of organic poison. The greater the amount of the 
permanganate necessary to produce continued coloration the greater 
the impurity of the water. 

Another test for organic matter, but which is not fully reliable^ 
is to heat on a teaspoon some of the matter obtained by evapora- 
tion in a tea-cup; if it blackens and then whitens again, organic 
matter is shown. 

3. Gktseous Substanoea 

Sulphuretted Hydrogen, As already stated for the detection of 
odorous organic impurities, as they generally occur in wells in the 
western part of Minnesota, in connection with alkaline mineral in- 
gredients, this gas can be shown, not only by the smell, but also by 
the sugar-of-lead test. But there are some wells that are genuine 
sulphur wells, or sulphur springs, that derive free sulphuretted 
hydrogen from the rocks underlying, and contain no noxious or- 
ganic matters. The test here may be the same. Further, such 
waters will cause a blackening of the metallic dippers and pails in 
which it is handled. Such waters are not noxious, but constitute 
some of the famed mineral waters of the country. 

Carbonic acid, (Most commonly with lime). Add clear lime 
water. There will be a white precipitate which will dissolve on 
adding a little hydrochloric acid. 

Carburetted Hydrogen, Besides the odors that arise from wells 
contaminated by organic decay, the principal gas from which is 
sulphuretted hydrogen, there are some wells in western Minnesota 
that have an odor somewhat different, resulting from the distilla- 

«To make this test more reliable, dissolve the sugar of lead first with a little carbonate 
of soda in distilled water, and pou r the solution in the water to be tested. The effect will ^^-^ t 

'«'«'«««"«• uigmzeabyLiOOgle 
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tion of gas from the lignites of the Cretaceous, with which they 
come in contact. The gas can be distinguished from sulphuretted 
hydrogen by the fact that the addition of sugar of lead will not 
cause the water to become inky black. 

Chlorifie. In the case of wells suspected of contamination by 
sewerage, the organic matter present is easily shown by the de- 
tection of chlorine, which is in state of combination with sodium, 
forming common salt. Still the presence of chlorine in well wat- 
ers from the western part of the state, cannot be taken as eri- 
dence of the presence of sewage contamination, since some of the 
mineral, alkaline ingredients are in combination with it in a nat- 
ural state, sometimes even forming common salt. Add a few 
drops of pure nitric acid, then nitrate of silver; a white, cloudy 
precipitate or turbility will result. [For solution of nitrate of sil- 
ver, obtain 1 dram in 1 ounce of distilled water; cost, with bot- 
tle, about 26 cts; pure nitric acid 20 cts.] 

Sulphuric Acid^ [most commonly with lime or magnesia.] Add 
a few drops of pure hydrochloric acid; then chloride of barium; a 
white, heavy precipitate will form. [For solution of chloride of 
barium, get two drams, in two ounces of distilled water; cost 
about 10 cts; pure hydrochloric acid, 15 cts.] 
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VII. 

THE UPPER MISSISSIPPI REGION. 



A REPORT BY 0. E. GARRISOK. 



Prof. N. H. Winchell, State Geologist: 

Sir; In the following report I will give a succinct narrative of 
the journey taken by me during the past summer to explore the 
head waters of the Mississippi R. in the interest of the tenth census 
of the United States, Dept. of Forestry. 

This paper is compiled from notes made in pursuance of instruc- 
tions given in your letter of the 23d of June 1880. In the accom- 
panying map I have included the country traversed and have en- 
deavored to represent the surface geology of the region as observed 
at various times during the last 20 or 23 years. 

With one assistant as canoe man and man of all work, I left St. 
Cloud via Northern Pacific R. R. Juno 28. 1880, arriving at 

Camp No. i, Verndale, Wadena Coimtff, 

on the same day, at which place we remained two days, taking 
notes of the forests, etc. Your own published observations render 
any of mine superfluous. Leaving Yerndale we put canoe in the 
Wing R. at about one mile from the station near where a mill* was 
in process of erection. The dam gives about 10 feet head and the 
excavation for the foundation exposes the stony clay so often de- 
scribed at about 10 feet below the surface which here consists of 
a sandy and gravelly clay. 

Camp No, 2, Wednesday^ June 30^ 

was pitched on a spot of gravelly clay 10 feet above the flood plain 
thrown up in digging a mill-race, near where the line of Tps. 134 
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135 crosses the river. The dam having been carried away, the 
site is now abandoned. In the race the boulder clay appears near 
the surface which is a rolling sandy and clayey loam. The timber 
consists of scattering black pine, Pinus banksiana^ small Norway 
pine, P. resinosa^ with a new growth, chiefly of deciduous varieties, 
as black and burr oaks aspens and birches. 

Camp No, 5, Thursday, July 1, 

Entered Leaf R. at 9^ a. m. and the Crow Wing at 4 p. m. The 
Leaf R. seems to be, approximately at least, a dividing line between 
fine stratified sand on the north, and sandy or gravelly clay on the 
south. I took occasion to examine an old fortification which I 
discovered and surveyed in 1869 of which I enclose a sketch show- 
ing plan and elevation {Fig, i, Plate 1). Some three or four miles 
north of this place I discovered what appears to be evidence of a 
former settlement. I think these are the sites of a winter camp 
of one of the early explorers of this region. 

The flood plain of the Leaf R. has an average width of 60 rods 
and is thickly covered by a growth of deciduous trees, while the 
conifers occupy almost exclusively the upland. The timber on the 
bottoms is chiefly elm, oak, soft maple, ash, and ironwood, while 
by far the most abundant among the conifers is the black pine, 
Pinm banksiana. The river at its present stage is from two to four 
feet below the surface of the flood plain. Camped on a bluff 15 or 
18 feet above the Crow Wing R. in sec. 1, T. 134, R. 33. 

Camp No, 4, Friday^ July 2, 

About a mile above the Famham Brook is a bluff 42 feet high, 
where a recent land slide reveals the character of the drift. The 
top consists of a layer, 3 or 4 feet thick, of sand with no large peb- 
bles mixed with vegetable mould; below is a layer of white sand 2 
ft. thick followed by a layer of 6 feet of coarse sand and gravel 
with rounded pebbles. A layer of quicksand 6 or 7 feet thick rests 
upon the boulder clay which extends below the river bed. 

The surface is rolling with few large boulders. Camped in sec. 
2, T. 135 N., R. 33 W. 

Camp No. 5, Saturday^ July 3. 

Soon after leaving camp No. 4 the river changes radically in the 
nature of the channel and blulfe. The former is obstructed b 
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bowlders while the current becomes quite strong. The bluffs are :'"' 

sloping, and closely wooded and strewn with bowlders of granite, 
horblende and occasionally of limestone. The country retains the 
same general aspect as below. Groves of Norway and occasional 
white pine are interspersed among the characteristic black pine. 
There are also a few burr and black oaks. On the bottoms are the 
ash, elm, oak, aspen, spruce, balsam, fir, soft maple etc. In sec. 3. 
T. 136 N., R. 33 W. on the left bank of the river near the head of 
a rapids are two ancient mounds. I landed and made the follow- 
ing rough measurements: The one nearest the river is 56* paces 
from the top of the river bank, here about 12 ft. high; its longest . * 

diameter is nearly parallel with the course of the stream; the shape 
is oval, the longer diameter being 45 ft. and the height 4 ft. The ■ ^ 

second mound is 33 paces farther west, having about the same size 
and direction as the first, but is somewhat higher. North of both 
is a degression as if the earth had been excavated in making them. 
The soil is sandy with no boulders except in the river cnannel 
where they are large and numerous. Camped in sec. 5. T. 136, R. 
33. 

Camp Xo. 6, Smiday^ July 4th. 

Lay in camp all day. The bluflFs have continued to decrease in 
height since leaving Camp No. 4, where they were from 30 to 50 
feet high, while here they are only 5 or 6 feet high, with sloping 
banks, overgrown with grass and hazel. Very few boulders. Many 
red oak trees 20 to 30 feet high, 12 to 18 inches in diameter with 
an occasional black oak. A few rods back from the river, thd 
characteristic black pine and sandy rolling surface. 

Camp No. 7, Motiday, July ofh. 

The river retains the same general character as on Saturday, the 
stoney clay approaching nearer the surface. The oaks, aspens, elm 
ash are oftener seen on the uplands but the country a snoft dis- 
tance from the river is the same as lower down the stream. At 
about the middle of the afternoon, however, after passing through 
a tamarac swamp and meadow in the northwest comer of sec. 37 
R. 33, we found the bluffs higher, 10 or 20 feet above the flood 
plain. The flood plain is 40 to 60 rods wide, covered with willow 
thickets. About 80 rods east of camp, is a sink hole similar to 
those found in limestone countries, 30 feet deep with water at the 

bottom, fringed with a dense growth of willow and alder. C^OOqIp 
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Camp No, 8, Tuesday. July ti 

Camp on a narrow neck of land between two lakes in Sec. 6, T. 
138, R. 34. The country passed through to-day was similar to 
that already described until we reached the junction of the Shell 
and Crow Wing rivers, the former coming in from the west, the 
later from the north. The country lying north of the one and 
west of the other is radically*different. The surface is quite level 
or gently rolling with rich, black gravelly loam. The characteristic 
tree is still the black pine, but there are also many small bur oaks 
with aspen, birch and iron wood, with small prairie8|and openings. 
These openings have a character peculiar to themselves. As 
throughout the west the bur oak openings were considered choice 
locations by the early immigrant, so here the black pine openings 
with the small prairies are the choice places, and are fought for 
by the different factions of Homestead Protection Societies. 

This peculiar tract of country commences near the west bank of 
the Crow Wing river where it runs south through towns 139 and 
140, R. 33, and extends northwest to the range of hills dividing 
the head of the Otter Tail or Red river from the Shell. The Shell 
river forming its southern boundary it extends north to a line of 
hills bearing N. 80® W. and crossing the 10th, standard parallel to 
the north of Fishhook lake. 

Camp No, 9, Wednesday^ July 7. 

At 8.30 A. M.. we arrived at a settlement known as Manters- 
burg on section 20, T. 139, N. R. 34 W. Mr. Jaris Howard gives 
the following data concerning a well sunk by him — depth 36 feet, 
3 feet sandy or gravelly loam, 28 feet sand and gravel followed by 
quicksand bearing water. Other wells reach the bowlder clay at 
from 33 to 42 feet. 

Camp No, 10^ Thursday^ July 8. 

Went by team to Fishhook lake, distance of 9 miles. Eastward 
from Fishhook R., is a heavy growth of black and Norway pine, 
but after crossing the river not far from its confluence with the 
Shell, and ascending a bluff 66 feet high, we entered Fishhook 
prairie, one of the largest prairies in this belt of openings. The 
shore of the lake near camp, is sandy with a few water-worn peb- 
bles rarely two inches in diameter. Among the stones I noticed t 
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colored slate of a schistose and sandy nature, sandstone, granite, a 
few quartz pebbles and perhaps 25 per cent, of limestone pieces. 



The follo^ving trees and shrubs 

Pina8 banksiana. Lamb. 

P. resinosa, Ait. 

P. strobus, L. 

P. mitis, Michx. 

Fraxinus americana, M. 

F. sambucifolia, Lam. 

F. viridis. 

Ostrya virginica, Willd 

Pruniis pemisylvanica, L. 

P. serotina, Ehr. 

P. virginiana, Marsh. 

Virbumuin lentago. L. 

V. opulus, L. 

Corylus rostrata, Ait. 

Betula papyracea. Ait. 

Populus tremuloides, Michx. 



were noted : 

Quercus macrocarpa Michx. 

Q. bicolor, Willd. 

Q. coccinea, Wang. vai*. tinctoria, 

Ulmus americana, L. 

Salix, 3 or 4 species. 

Ribes hirtellum, Michx. 

R. riibrum, L. 

Alnus incana, Willd. 

Rhus toxicodendron, L. 

R. tyf hina, L. 

Amelanchier canadensis, T. & G. 

Zanthoxylum americanum, Willd. 

Cratsegus ci-us-galli, L. 

C. ameiicana, WaJt. 

R. nigra, L. 

Populus balsamifera, L. 



Camp No. 11, Friday^ July 9. 

We loaded the canoe and crossed the lake to the inlet, which has 
an average width of about four rods, and a rapid current, while the 
water is of a whitish color. Many large bowlders covered with a 
white incrustation, obstruct the channel. 

The country north of the lake radically changes in character, 
iustead of a level or gently rolling surface, it is a hilly and brokt ii 
region, many of the hills are abrupt and 100 to 150 feet high, tht^ 
hollows occasionally having ponds in them, but generally having a 
grassy or bushy bottom, mostly of willow and alder. The timt>er 
changes to correspond with the surface, the diciduous varieties^ 
being in excess of the pines. The conifers are principally Norway 
and white pines, spruce, balsam fir, &c. About one mile from Fish- 
hook lake we reach the ^' falls." Here the water passes over u 
compact ledge of bowlders and in about ten rods has a fall of 10 
feet, necessitating unloading the canoe to carry around. Both 
above and below the falls are rapids, so that within forty or fifty 
rods there is a descent of 18 or 20 feet. Eight of a hill near the 
falls on the left bank, 116 feet by barometer measurement. The 
rocks in the falls uid above, are thickly coated with the whitinh 
incrustation. Entering the lake in T. 141, of R. 34 and 36^ we 
passed near ohe shore, which is thickly strewn with granite bowi* 
ders, and camped on a sandy point in section 26, T. 141, R. 35^^^ .^.^^^ ^ 
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Camp No. 12. Saturday, July 10. 

Passing up the inlet about 6 rods we reached a second lake and 
after passing through this we entered another inlet, and after 
rowing 80 rods and passing a rapids, entered a third lake, on the 
north shore of which is some good pine, though the decidiuous 
trees are larger and in greater variety. 

Rowing up the western arm of the lake we landed, and guiding 
our course by compass, undertook a portage to a small lake 1^ 
miles to the northwest, camping in an opening a little south of 
the lake. 

Camp No. 13, Sunday, July 11. 

Remained in camp all day. Blue berries and winterberries are 
abundant. 

Camp No. 14, Monday, July 12. 

Much of the day was consumed in portages and searching for 
Indian trails. The country traversed today was diversified with 
hills 100 to 150 feet high, among which were occasional pools of 
water. The trees were chiefly of the different varieties of pine 
with dense undergrowth of hazel, willow, alder and an occasional 
black oak shrub. 

The soil is a coarse sandy loam with occasional boulders. 

Camp No. 15, Tuesday, July 13. 

Making our way through several small ponds and inlets with an 
occasional ^^carry^* through a dense growth of oaks, elm, bass- 
wood, aspen, black haw, shadberry, ironwood, hazel, etc., we reach- 
ed a lake crossed by the line of ranges 35 and 36 of Tp. 142. 

From the north end of the lake I was informed a trail is to be 
found leading to Itaska L., but after diligent search, no trail was 
discovered, and it was deemed prudent to retrace our steps and 
make the journey by the wagon road. To the north and north- 
east is a fine growth of pine, but to the westward the land was 
burnt over and less thickly wooded. The surface is hilly and 
rocky, large boulders often covering the ground. Taking a short 
trip inland, found the timber dense, chiefly white and Norway 
pine with aspen and a few oaks and maples, the latter only a 
shrub, 12 to 18 feet high, growing in clumps J^m^aff^v^Qlc 
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stamps of old trees now wholly disappeared. The surface soil is 
stony clay. 

Camp No 17^ Thursday, July 15, 

Arrived at IJ p. m., at Camp No. 10, and waited for one of my . 
men to secure a team to transport our luggage to White Earth 
Agency. 

Friday^ July 16. 

The whole day consumed in waiting for the promised team, but 
at evening we engaged a team and driver so as to start to-morrow. 

Camp No, 18, Saturday, July 11, 

Passed numerous settler's cabins. Of several wells noted, the 
following description of one sunk by Mr. Samuel Churchill on 
Sec. 26, T. 140, N. R. 35, is typical— 12 ft., sandy loam, about 4 
in. sandy clay, 1 ft. gravel and sand interspersed with small, round- 
ed stones, coarse sand to water which was 3 feet deep. Passing 
the eastern boundary of the White Earth Reservation we enter a 
level country with rich, sandy loam and no stones. The black 
pine becomes less abundant, ^ood size bur oak with small aspen 
and birch and an occasional Norway or white pine taking its 
place. Five or six miles further on we entered a hilly, sandy tract 
covered by a thick growth of small black pine, where we camped. 

Camp No. 19, Sunday^July 18. 

Resuming our journey we ascended a hill higher than that on 
which we camped, and found ourselves upon a level table land, 
where the soil was less sandy and supported an undergrowth of 
hazel and alder, while the open spaces were gay with the scarlet 
and yellow leaves of the painted cup. We there found about two 
miles of rolling ground where the black pines almost wholly dis- 
^pear and young dense growth of aspen, birch, oak, ironwood, 
red, black and choke cherry, shadberry, alden and willow with 
some Norway pines supply their place. Soon afterwards we passed 
a rocky ridge with many white pines among the Norway and 
black varieties. 
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South of the road was a lake in a steep valley about 75 feet be- 
low the road. Hills surround the lake on all sides but the north- 
west. Descending these hills to the west we entered a rocky roll- 
ing country where the timber was more of it of the deciduous kinds 
with some medium sized white and Norway pines, which increased 
^ in size and number till they formed a fine grove of good market- 
able pine timber. There were also seen some sugar maples and 
oaks. As we passed on west the maples increased in size and fre- 
quency while the oaks, birches and elms, many of them reached 
a large size. We passed several lakes, on the shore of one of which 
and in the road near it many small pebbles of limestone were seen 
quite half of the pebbles being limestone. This lake is in a deep 
valley; after passing it and crassirig its outlet we passed over a 
high, rocky ridge, where were boulders of a large size, many of 
them being 4 to 6 feet across on the exposed top. These boulders 
are mostly granite. No limestone was seen. This hilly rocky 
tract continued about five miles when the pines gradually thinned 
out and disappeared, and large oaks, sugar maples, birch, aspen^ 
cottonwoods, balm of Gilead, elm, ash, ironwood, etc., formed a 
splendid forest. The hills were twenty to forty above the hollows 
where were occasional ponds or lakes. The soil is a clayey loam^ 
in the level spots, free from stones and wet and muddy, but bould- 
ers nearly cover the surface on the sides and tops of the hills. This 
continues until within one or two miles of the Agency when the 
tall timber begins to thin out and the most of the trees are bur 
oak. The hills are less high and steep, the hollows covered with a 
thick, tall growth of grass forming fine natural meadows. Indian 
farms were passed, and we soon entered a well cultivated region^ 
the surface gently rolling with but a few stones; soil, a rich black 
clayey loam. 

Camp No, 20, Monday, July 19. 

After procuring the needed supplies and directions at the Agency 
began our return to the Junction of the Ltasca road with that up- 
on which we had come. We entered camp at the crossing of what 
I take to be the principal branch of the Otter Tail R. The follow- 
ing is a list of such trees and scrubs as I have been able to iden- 
tify during our hasty journey from here to the Agency and back: 



Quercue, alba. Fraxinus americana. 

QuereuB macrocarpa. Fnudnus pubeecenR. 

Quercus tinctorea. Fraxinus vindis. 
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Quercus bicolor, 
Quercus ambiqua. 
Ulmus fulva. 
Ulmas americana. 
Betula papyracea. 
Betula nigra. 
Populus tremuloides. 
Populus monilifera. 
Populus balsamifera, var. 
Populus candicans. 
Viburnum pnmifokum. 
Viburnum nudum. 
Viburnum dentatum. 
Viburnum acerifolium. 
Viburnum opulus. 
Rubus Ktrigosus. 
Rubav occidentalifl. 
Rubus villosug. . 
Rubus canadensis. 
Rubus cuneifolius. 
Prunus americana. 
Prunus pumila. 
Pnmus Pennsylvania. 
Prunus virginiana. 
Prunus serotina. 
Alnus incana. 
Ainus serrulata. 
Abies nigra. 
Abies alba. 
Vaocinium pennsylvanicum. 



Acer saccharinum. 
Acer da*<ycarpum. 
Acer i-ubiim. 
Pinus st robus. 
Pin us resinosa* 
Larix americana. 
Ostrya virginica. 
Carpinus americana. 
Vib!imum lentago. 
SambucuH canadensis. 
Lonicem grata. 
Lonicera parviflora. 
Dierv'illa trifida. 
Rosa lucida. 
Rosa blanda. 
Crataegus crus-galli. 
Amelanchier canadensis. 
Amelanchier var alnifolia. 
Spiraea salicifolia. 
Spiraea tomentosa. 
Dirca palustris. 
Salix, three or four species. 
Corylus americana. 
Coi-ylus rostrata. 
Tilia am^neana. 
Rhus glabra. 

Zanthoxy lumamericanum. 
Arctostaphylus ura-ursi. 
Vaccinium corymbosum. 



/ 



Camp No, 21^ Titesday^ July 20, 

After ascending the divide between the waters flowing east to 
the Shell and Crow Wing rivers and those flowing west to the 
Otter Tail we reached an Indian village consisting of temporary 
huts and lodges where the Indians are collecting Senaca snake- 
root (Polt/gala senega). Many hundred pounds of which are stored 
in the warehouses of the traders. ^This canip is situated in Sec. 33 
T. 141, R. 37, and the blaek pine openings extend to the west and 
north as far as the eye can see. 

We were here informed by the trader that no such road as we 
were told of exists toward Itasca but offered to take our load to a 
lake about 8 miles north of the camp to which the Indians go with 
wagon to fish. 

I have noticed the lead plant — Amorpha canescens for the first 
time since leaving St. Cloud. 
18 
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Camp No, 22^ Wednesday, July 21. 

Started by 10 a. m., after crossing the prairie towards the north 
and disovering a valley about 20 feet deep, we climbed a line of 
hills bearing about N. 80o W, and about 50 feet above the prairie 
level. The southern aspect is quite steep and full of boulders. 
The top is gently rolling sand with a few boulders and timbered 
with small black pine, which forms quite open woods with under- 
growth of hazel, aspen, willow etc, By 1^ p. m. we reached the 
lake crossed by the line between Towns 141 aAd 142, section 5 
32, the south end of which is over 9 miles from the nearest point 
on Itaska Lake. The outlet of [the lake is a branch of Fishhook 
river. The bottom of the lake is in many places of the whiteish 
color noted when crossing the first lake north of Fishhook Lake. 
Camped at the north end of the lake in a tall dense growth of 
sprube, birch, aspen, elm, basswood etc., with a dense undergrowth 
of hazel, plum, willow and alder. A grassy pond fenced in by 
an old beaver dam on which our tent is pitched, lies a few rods 
from the lake. 

Thursday and Friday ^ July 22 and 23, 

were spent in making the portage from the lake mentioned above 
to a pond through which the main branch of Fish Hook R. flows, 
in T. 142, Sec. 17 and 20. This pond is in a valley diversified by 
such ridges as are known in Wisconsin as *'hog backs." Loading 
canoe a little to the west of the pond, in the brook, we crossed the 
pond to its outlet, a comparatively large lagoon-like, sluggish 
stream filled and overgrown with rushes and lily pads, course 
nearlv northeast for about | of a mi., when the brook takes a sud- 
den bend to the south, cutting its way through hills 75 feet high, 
while the valley continues northeast, and a small brook comes 
from it, joining the larger part at the bend. Here we again pack- 
ed and carried to a high pine ridge north of the valley. 

Camp No. 24, Monday , July 26. . 

The accidental destruction of part of the stores and equipage 
having necessitated a delay for repairs we were only able to re- 
sume our journey this morning, putting the canoe afloat in the 
pond north of the ridge, after crossing to the north side of which 
we began the portage to a lake in Sec. 3, T. 142, R. 36, about two ^ 
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miles distant. Our journey was through dense woods of black and 
Norway pine with hazel, alder, willow and aspen undergiowth. 

Camp No, 25^ Tuesday ^ July 27. 

Completing the carry over a gently rolling country, with gravelly 
snrface with now and then a bowlder of granite, we ascended a rise 
of about 30 feet and descended about 88 ft. to the shore of the 
lake mentioned. The lake has several islands whose shores like its 
own are gravelly. This series of lakes is marked on the old maps 
as having an outlet to the north and thus flowing into L. Itaiska 
being therefore the ultimate source of the Mississippi. Crossing 
this lake we encamped at the east end of a trail leading to a lake 
due west about 30 rods. 

Camp No. 26^ Wednesday, July 28. 

We carried over to the other lake, then paddled slowly near the 
shore, soon coming to a landing and trail leading north; going on 
in search of the outlet of these lakes, we passed several low spots 
in the hills surrounding the lakes (20 to 30 feet high). Failing to 
find an outlet we returned to the place where the trail leading 
north was found. Here we had a carry, about forty rods, over a 
low hill, then a pond 60 or 70 rods, then a carry over another low 
hill 40 or 50 rods, then a pond 50 or 60 rods,»dining among some 
large Norway and white pines, with oaks, basswood, maple &c.; af- 
ter dinner a carry of 60 or 70 rods to a pond crossed by the line of 
government survey between sees. 27 and 34. Near the north end 
of the pond 50 or 60 rods over the floating bog, northeast of the 
pond, found the usual marked trees at the beginning or ending of a 
carry. The trail was easily followed through the swamp, but after 
leaving the swamp and beginning to ascend a low hill we entered a 
dense tall growth of birch, aspen, oak, pme, &c., the ground thickly 
strewn with the remains of a large growth of pinea, many of them 
still pretty sound, showing there was, but a few years ago, a large 
pine forest here. To the north about half a mile was seen a grove 
of Norway pines, still alive, through which it seemed that it would 
be easier to cut our trail. We therefore went into camp. On the 
northwest end, among tall tamaracks and the end of the swamp, 
was an old beaver dam on which was growing a dense thicket of 
alders and willows. In this dam was an opening about two feet 

wide, through which was running water about two inches deep. I 
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followed this brook about twenty rods down a rapid descent, with 
numerous bowlders where the channel was choked with fallen 
timber, to a mossy pond, or rather to the mossy bottom of a small 
pond now dry, which stopped my further progress. I consider this 
the largest feeder to Itaska Lake worthy to be considerd as the ut- 
most source of the Mississippi River. Our route to-day has been 
over a gently rolling country, with some large pine trees and an 
occasional oak, elm, basswood, &c., many bowlders on the hills 

Camp Xo, '/7, Wednesday, July 29. 

Started to make a trail to Elk Lake. Found the way very brushy 
and crossed a large swamp, surface gently rolling until within 
about one quarter of a mile of the lake, when we ascended a hill 
50 or 60 feet high, on the top of which I climbed a tree to view 
the surrounding country. For many miles in all directions but 
the north the surface was gently rolling, none of the hills appear- 
ing to be more than twenty or twenty-five feet high; they were 
chiefly covered with a young growth of birch, aspen and a few oak. 
Towering above them were seen the black pines, not killed ly 
fires, and an occasional single tree or small groves of Norway pine, 
towering still above these. These fires which so devastate and ut- 
terly ruin so many thousand acres of large pine forests are said to 
be set by the Indians^ purposely, and assisted to spread, to kill the 
timber, and so give better feeding ground for the moose and deer 
which abound in this vicinity. The swamps are covered by a large 
gi-owth of tamarack, spruce and balsam fir. Saw several mountain 
ash, and there were large tracts covered by the juniper, Juniperus 
sabina, now with ripe fruit. Very few boulders were seen on our 
route. Directly north of the tree on which I was then was a low 
spot concealed by a grove of Norways, where was Elk Lake and to 
the north of this, Itaska. By 1 p. m. we had cut a trail back to 
camp and, after dinner, carried our first load over to Elk Lake, 
where we arrived just in time to put up tent and keep dry during 
a smart shower. 

SBRIES 2. 

Camp No. i, Friday, July 30. 

Completing the portage, by 3 p. m. we were on Elk Lake, steer- 
ing for Itaska, about one mile distant, as indicated by an open^^^T^ 
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space iu the line of low hills. The outlet was soon found; the wa- 
ter was low and a few rods down from Elk Lake the canoe strand- 
ed on the pebbly bottom of the brook; landing and ascending a low 
hill on the left, Itaska Lake was seen for the first time, about forty 
rods north. The hill or mound-like elevation is of an oval shape 
about twenty feet above 4he lake, and is near the center of an open 
space, between Elk and Itaska Lakes, of about twenty-five or thir- 
ty acres. Several pits on the sides or top had the appearance of 
old cellars and probably indicated where houses once stood, but all 
traces of timber if any was used in such houses have disappeared 
and the numerous boles of large oaks strewn over the ground indi- 
cates that there could not have been much cultivation. Still many 
patches free from standing or fallen trees and a thick mat of 
grass or wild strawberries, covering from one to four or five acres 
were quite evidence enough to show that there were once Indian 
gardens here. Between this open space and the lake shore was a 
line of trees still standing. Carried over to the lake about 40 rods, 
and embarking on the lake, pitched camp on a point on the west 
shore. 

(■anij) \o 2, S(ffHr(l(q/, July Hh 

We paddled slowly along the west shore of the northeast aim, 
stopping occasionully to identify trees. The arm of the lake to- 
wards its southern extremity is surrounded by comparatively high 
hills, the highest probably 7S ft. above the lake. The western 
shore is badly burned, with but few pine trees standing, and the dense 
new growth of birches and aspens among the fallen trees makes 
it a very difficult tract to traverse. The eastern is much less de- 
vastated by fire. There is some good pine on the sides of the hills 
which, near the southern extremity may reach 100 ft. above the 
lake. The shores of the southwestern arm are low, 10 — 15 feet 
high, and closely fringed with spruce, cedar, balsam fir and tamar- 
ack. Some boulders were seen, while the east side of the south- 
east arm is lined with rocks, and the side hills quite covered with 
fair sized white and Norway pine. At our camp the soil is a 
sandy or gravelly clay. The shallows entirely round the lake are 
grown up with rushes, reeds, wild rice, lily and flag leaves to a 
distance of 10 — 60 rods from shore. 

Camp No. 3, Sunday^ August 1. 
Starting about 8 a. m., we reached the outlet of the lake where GoOqIc 
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the Mississippi first takes its name, by 9J a. m. It is here an in- 
significant stream of less width than the length of my canoe. There 
is a perceptible current and 18 or 20 inches of water with a soft 
muddy bottom and shore; the banks ai-e low and level and brushy, 
bordered with prairie country with a few black pines. Continu- 
ing on, we soon came to where the stream was too shallow to float 
the canoe and to a width of less than half the length of the canoe, 
in several places. We had to lift the canoe over sand bars; we 
also had to cut away several recently fallen trees that obstructed 
the channel. Numerous old cuttings showed long use of the river 
for boating, though no fresh cuttings were seen. About two 
miles from the lake the river enters a tamarack swamp where 
it has a deep, broad and sluggish channel, frequently nearly 
closed by a large growth of wild rice of which many hundred 
bushels could be gathered. In many places the banks were lined 
with sweet flag. Acorns calamus y L., and good meadows of blue 
joint and red top, Cala^nagrostis Canadensis and Agrostis vulgaris^ 
With., where thousands of tons of hay could be made. This 
swamp continues for about three miles, but the river meandering 
^ through it is more than twice that distance. A short distance 
after leaving this swamp we came upon a jam of drift-wood which 
proved to be the head of a falls or rapids, where the river by a series 
of short leaps over compact ledges of boulders, has a descent of 
about twelve feet in as many rods. 

This was a surprise as I had the impression from all the infor- 
mation I had, that from the Falls of Pokegama up to Itaska Lake, 
there was no obstruction to the free passage of canoes. 

Following down the bank of the river, I found a series of rapids 
over boulders for nearly half of a mile, when the river enters an- 
other swamp of tamarack and spruce, but without the usual mead- 
ow on the bank. The trees which had fallen across the river had 
been cut away, proving its use, for the passage of boats. 

The country is rolling, the hills of gentle ascent, except the 
blufis on the river where they are steep and, at our camp, forty-six 
feet high by barometer measurement. Th^ general level is about 
that height above the river, the highest hill seen would not ex- 
ceed 25 feet higher. The country is open, low and brushy, with a 
few clumps of Norway and black pine; boulders of granite are 
quite'plenty on the hill sides; the surface soil is a gravelly clay. 
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Cam]) Xo. 4^ Monday, August 2. 

'•Carried" down to the landing found yesterday and loaded canoe. 
We soon came to fallen timber obstructing the channel and had to 
cut our way through meaiy jams of drift wood in many places; also 
boulders so obstructed the channel that we had to get out of the 
canoe and wade, lifting over the rocks. In this way we made slow 
progress, and by noon, from the appearance of the country we had 
not made much more than two miles northing. While cook was 
getting dinner I went back from the river about half a mile; found 
the surface quite level. The black pine timber was burned and fallen; 
the new growth principally birch and aspen, and a few black oaks. 
The soil is a sandy or gravelly clay. No rocks seen except in the 
river; the bluflF, about 20 feet high. The flood plain is twenty to 
forty rods wide; the channel of the river two to four feet below 
the flood plain. 

Soon after starting in the p. m. the blufls increased in hight; 
the river seems to have cut its way in a narrow gorge, through 
hills seventy to eighty feet high. Camped on a terrace or old 
flood plain about fifteen feet above the present channel. 

The timber on the narrow flood plain is a tall growth of spruce, 
balsam, apsen, balm of Oilead, a few oaks, elms, and ash; on the 
upland are the usual burnt and fallen black pines; on the left is a 
tamarack swamp about half a mile from the river, while on the 
right bank there is less burnt land and some good white and Nor- 
way pines. 

Camp No. o, Tuesday^ August'3. 

The stream was found much obstructed by fallen trees and rocks 
until we entered a narrow tamarack swamp where the water is deep 
enough to float the canoe. The swamp soon widens to about eighty 
or ninety rods with meadow near the channel of the river. We took 
dinner on a point of hard land projecting into the swamp from the 
left, where there was an old, much used camping place and a trail 
leading to the northwest. This trail I suppose to be the one lead- 
ing from the Mississippi to the upper Rice Lake, the outlet of 
which is Rice river, a feeder of the Red river and about four miles 
distant. The swamp was wide at this point and below, but in about 
a mile the bluflFs on each side were seen to be ten to twenty feet 
high and clothed with tall Norway and black pine, leaving a flo^-j^j^^^ by GoOqIc 
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ed plain about 60 to 80 rods wide. The river has cut a channel in 
the soft, mucky bottoms from four to six feet deep. 

Camp No. 6*, Wednesday, August 4, 

The river enters a wide meadow and has cut its way in a very 
crooked channel from four to eight feet deep. I noticed in many 
places below the black mucky soil, a white clay, of which I have 
a sample marked No. 1; it was taken from a depth of about 6 feet 
below the surface of the flood plain in the river channel. The 
outer bluffs were about 10 to 12 feet high, with many groves of 
tall Norway pine forming open woods. The soil a sandy loam; 
and when the river infringes on them shows a stratification. Soon 
a line of hills appeared in the north, two or three miles distantf 
the river gradually approaching them and by 9.30 A. M. we reach- 
ed them. The river has cut its way in a deep narrow valley, the 
bluffs rising fifty to seventy-five feet above the river, which has a 
rapid current obstructed with bowlders. The timber on the bluffii, 
black and Norway, with a few white pines and bur oaks. After 
passing through these hills about, one mile, we entered another 
broad meadow or savanna, through which the river meanders in a 
very tortuous way, prevented from reaching the outer bluffs by a 
tamarack swamp of unknown width. Took dinner on a low projec- 
tion of dry land in the meadow, in section 28, T. 146, N. R. 35, 
W. 5th M. From here another line of hills is seen north of east. 
By 5 P. M. came to the first low bluff on the right bank, in section 
34, T. 146, R. 35; here the almost boundless meadow was narrow- 
ed; the bluffs, twenty to twenty-five feet high, lined the flood plain 
to an average width of 60 to 80 rods. Camped on a bluff nearly 
opposite a small brook, entering the Mississippi from the south, in 
section 35, T. 146, R. 35. A few oaks were seen on some of the 
low points of dry land projecting into the meadow through the 
tamarack, and the river bank was often lined with tall willows, 
while, in other places, tall reed grass completely closed in the 
channel. 

Camp No. 7, Thursday. August 5. 

Soon after starting we entered another broad savannah. This 
continued until near noon, when another range of hills was enter- 
ed. Took dinner on a bluff 49 feet above the river, by barometer 

measurement — the highest seen. In passing these hills there was t 
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an occasional rapid with large bowlders in the channel; deciduoui* 
trees ai*e more frequent and of large growth. The flood plain af- 
ter passing through a narrow valley of about three-fourths mile, 
again widened and was bounded by blufife fifteen to twenty 
feet high. The country is gently rolling with open bushy plains, 
bearing some small black pines. The soil is a sandy loam, the river 
often exposes the stratified sand on the banks; for about two niUes 
before camping the fiood plains become narrow — 40, to 6()^rod^ 
wide — and in many places are covered with a thick growth of yoft 
maple; elm, ash, oak and aspen. Camped on a bluflF of a very reg- 
ular crescent shape, 49 feet high by the barrometer, section 17, 
T. 146, R. 33. 

The country south of camp is quite level and free from liriisji, ^ 

while the many fallen trees, and the tall stumps of many lurne 
blackened by fire tell that not very many years ago there was liert* 
quite a dense forest of pines; I went back to a couple of roundinl 
hills about half a mile from the river. From the top of the&i^ the 
country for ten to twenty miles was mapped. To the south aud 
west was a gentW rolling table land bounded on the south Ijv a 
range of hills of fifteen or twenty miles distant. To the eList attd 
north the land seems to descend with a gentle slope, tuid is 411 itr* 
level, clothed with a greener foliage* of trees than seen sinc*^ Hit* 
forests of the Partridge and Wing rivers were passed. To the 
south and east was a deep valley in which were seen two large 
lakes. The soil is sandy with a small young growth of l^irclu 
aspen, and a few bur and black oaks, while the black, red, sand 
and choke cherry are plenty, and are now loaded with ripened 
fruit. Blackberries, strawberries, red and black raspberries were 
also in abundance. 

Camp No. S, Friday, Anqiist 6. 

Soon after starting this morning, we passed the junction uf a 
river nearly as large as the Mississippi-. At their junctiou the 
Mississppi turns at a right angle and takes the course of its tribu- 
tary. At 9.30 A. M., we entered the first lake through whitli the 
Mississppi runs after leavingjltaska. The next lake, the Pa-niit-jig- 
er-mug of the Indians, and Cross lake of Nicollet, is a larger lake, 
and the first one seen since leaving Fishhook lake whose shoi-e 
has not been grown over with rushes, reeds and wild rice, &e. At 
the inlet of this lake there was also an Indian's farm or garden, 

where were com, potatoes, pumpkins, squashes, &c.; hissqunw who /^ * ^ 1 

Digitized by VjOOQIC ^ 



192 ANNUAL REPORT. 

came down the lake and landed here, was the fii-st human being 
we had seen since the Indian left us and canoe with his pony on 
the 21st day of July last. After crossing this lake, the river is rapid 
and full of rocks, making at the present low water a difiBcult matter 
to run the canoe down without striking rocks. The shores of the 
river here are sloping, with a flood plain little or no wider than the 
river channel; the bluffs are from ten to thirty feet high. There 
are some bur and white oaks, with many elms, ash, balm of gilead 
aspen, &c. We here passed a cedar swamp on the left bank. The 
country is quite level or gently rolling; the soil is a gravelly clay; 
the sand bluffs of landslide make, have not been seen since the 
junction of the large stream before mentioned, and the timber is 
more of it white and Norway pine, with many deciduous varieties. 
In the P. M. there were fewer bowlders seen in the river, but 
the water was deeper and the current rapid. For about two hours 
before camping, the flood plain widened out and formed large 
meadows with willow and alder. Camped at 7.30 P. M. on a kind 
of terrace about six feet above the river as it is at this time, where 
there are many bur and white oaks, and some large Norway and 
white pines. 

Camp No. 9. Saturday, August 7. 

The river here soon runs through the north end of a lake. The 
western line of the great Indian Reservation of the Leech lake, 
the Winnebigosis and Mississippi bands of Chippeways commences 
here; and soon after passing the lake we came to an Indian village 
of bark lodges, at the entrance of a small lake; on the other side 
of which was seen another Indian village while far to the north 
was another still. The soil around these lakes appears to be of an 
excellent quality, producing com, potatoes, beans, squashes, &c., in 
good measure, considering the Indian mode of cultivation. Beyond 
this lake we crossed another that we at first took to be Cass lake* 
but after about two and a half miles to what we supposed to be the 
outlet of Cass lake, we passed a narrow point, and the broad sur- 
face of Cass lake lay before us. This is the largest lake but one, 
through which the Mississippi flows until it reaches Lake Pepin, 
the Winnebigosis being the larger. The banks of lake Cass are 
low; no hills that I should judge to be over thirty feet high, border 
the lake; the water was shallow for along distance from the inlet, 
Camped about ten miles below the lake. The river here is very 

much larger than above Cass lake. The bluffs are sloping and f^ 
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bowlders ai*e often seen on their sides. There are some fair sized 
oaks, elms and ashes, many large Norway and a few white pines. 
The black pines are less common, and the shrubs in much greater 
variety. The phaenogamous plants, and grasses are of a ranker 
growth than seen elsewhere since leaving the black pine openings 
and woods of the White earth Reservation. 



Camp No, 10, Sunday^ ^^^9- ^• 

Starting the usual hour, we came in sight of Winnibegosis by 10 a. 
m. The flood plain widens out to about \ a mile for near two 
miles before reaching the lake. We took an early dinner where 
the river comes to the bluif for the last time before reaching the 
lake. Soon after entering the lake, we saw to the northeast 
a number of white specks on the shore; these indicated an Indian 
village. Steering our course as near as possible for the outlet 
of the lake an^ aided by a stiff west wind we crossed the widest 
part of the lake by 3 p. m., and by 4 p. m. entered the river at its 
outlet. We found some difiSculty in finding the river in the 
large space filled and overgrown by tall reed grass at the foot of 
the lake. On the left bank near the outlet on a spot of flat or 
bottom lands, separated from the river by a marshy strip, fifteen 
or twenty rods wide, was an Indian village of about a dozen bark 
lodges with two or three log buildings, one of which had the ap- 
pearance of being a church. On the right bank opposite the vil- 
lage was seen for the first time since passing the large tributary 
to the Mississippi on the morning of the 7th. one of the sand 
slide bluffe revealing stratified sand, with the boulder clay twelve 
or fifteen feet below the surface. The timber around the lake as 
seen from the canoe while passing was the usual black with many 
white and Norway pines, mixed with which were many deciduous 
trees. On the northeast shore there was a large tract of hard 
woods which I was desirious to explore, but as the time and ex- 
pense have already exceeded my estimates, I did not stop. The riv- 
er after passing the Indian village has a wide bottom or flood 
plain on which is a tall and dense growth of reed grass, and the 
channel divides, forming many islands on which is seen nothing 
growing but that grass. The outer bluffs are sloping, and many 
boulders were seen on their sides, while the oaks and other decid- 
uous trees are of larger growth than seen above Lake Winnibego- 
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Camp No. 11, Monday^ Aug. 9. 

The river below our camp of last night, for three or four miles 
meanders among tall reed grass, the bluffs about half a mile apart; 
then the flood plain contracts to 60 or 80 rods wide with boulders 
on the sloping bluffs and in the channel. The flood plain again 
widens to one half or three miles, and the river winds from side 
to side through the tall reed grass. The channel is full and over- 
flowing. At the junction of the Leech-lake river, the Mississippi 
turns at a nearly right angle and takes the course of its tributary. 
The timber after the Leech-lake river joins, consists more largely 
of the hard woods; birch, oaks and aspens prevailing. Camped on a 
bluff about 30 feet high. From the top of the bluff is seen to the 
north and northeast the low lands surrounding Ball Club Lake, a 
tamarack swamp concealing the lake from view, while to the east 
and southeast stretches a large marshy meadow of many miles in 
extent, over which a line of hills, blue in the distance, indicates 
the hilly region in which i^ situated Deer and Bassdakes, where is 
said to be many millions q^Aeet of peculiarly fine white pine. Far to 
the north of our Ball Club Lake the low lands extend to Bow- 
string Lake through which the Big Fork river runs in its course 
north to the Rainy Lake and River. Mr. J. P. Hinchelwood, a 
former U. S. Deputy Surveyor informs me that from a point near 
the southern most part of the latter lake, there is low ground ex- 
tending south, where during high water there is a water connec- 
tion with a river that runs west and north entering Lake Winni- 
begosis at its northern extremity. 

Camp No, 12^ Tuesday, Aug, 10. 

Soon after stsrting we entered the great morass and meadow on 
the north and west of White Oak point; passed the point at 10 
a, m., stopping a few minutes to examine the surface and timber. 
There was here, a few years ago, a prosperous Indian settlement. 

When Jas. Whitehead was the Indian Agent he had his resi- 
dence here. Leaving the savanna about 12^ p. m,, found the first 
accessible landing on hard ground, except at the White Oak 
point, since leaving the camp in the morning. Hundreds of tons 
of hay are now being put up by the Indians and half bloods, for 
lumbermen. Took dinner at an old log landing, where I gathered 
a rich harvest of specimens. There were more deciduous trees 

and of a thrifty growth than seen at any place on the river hith- t 
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erto. *At 4 p. m. passed a lumberman's camp and farm, where was 
a white man seen for the first time since leaving the trader's camp 
in the southeast comer of the White Earth reservation. 

The banks of the river passed after dinner were of an average of 
80 or 100 rods apart. In some places the flood plain widens to 
half a mile or a little more. Only in two or three places during 
the day were boulders visible in the river channel or on the bluffs. 
The bluffe were mostly low, six to fifteen or twenty feet high, 
clothed with live thrifty trees, the principal kinds being white and 
Norway pines, birch, aspen, white and burr oaks and a few black 
oaks, most of the timber being a new growth of fifty to seventy- 
five years. 

Camp Xo. 75, Wednesday^ August 11. 

Arrived at Pokegama Falls at 10 J p. m. taking notes, collectings 
&c. Not having an instrument with which to measure the width 
of the river or accurately take the levels, contented myself per 
force with barometric hights. According to them the de- 
scent from the upper to the lower landing was 31 feet. On the 
right bank about 80 rods above the place where the rapids com- 
mences, sandstone in situ is seen. It is coarse, friable and of a 
reddish cast. The dip appears to be about 20® S. 75® E., and 
where the chute is most perpendicular, appears to have been eroded 
so as to allow the harder rock immediately superimposed to sink 
at a crack or fault, crossing the channel at nearly right angle, 
forming the smoother apron-like chute, where the fall is steepest. 
At its lower end it is broken and loose, where the water meeting 
with the obstruction rises in waves three or four feet, and then 
rushes in a boiling current over the loose rocks broken from the 
strata. 

The pen and ink sketch in plan and section will convey a toler- 
ably correct idea of the Falls and the strata of which the rock is 
composed. The numbei-s corresponding with the same on the 
paper, in which the specimen is enclosed. (Plate 1, Fig. 2.) 

In about half an hour, paddling down the stream, we arrived at 
Grand Rapids, the head of steamboat navigaition above Aitken on 
the Northern Pacific Railroad. 

Above Pokegama Falls, steamboats could readily run to a point 
some miles above Lake Winnibegosis, also up Leech Lake River 
to Leech Lake agency. Indeed, in 1875, when Mr. J. B. Bassett 
was Chippeway Agent he built a small steamboat on Leech C^ nr\cs\c> 
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Lake and used it to transport supplies to points above Pokegama 
Falls. Steamboats were run from Aitkin to this place, making 
trips as often as a load is obtainable, the lumbermen being the 
principal freighters. The bluff here is above fifteen feet above the 
river. The first bench or terrace, on which is built the store and 
most of the buildings is rocky, while back about twelve or four- 
teen rods, the land rises perhaps twelve or fifteen feet higher with 
fewer boulders. The soil is a clayey, sandy loam. The timber is 
principally pine, of that species or variety which I have often men- 
tioned as P. mitts, the ^'Northern pitch pine." The oldest and most 
experienced lumbermen note the difference between this and P. re^ 
sinosa; one is called by them Hard Norway, the other the Red- 
barked Norway. 

Ca7np No, 14, Thursday, August 12. 

Spent all of the forenoon collecting and mailing such conifers 
found in the vicinity not yet sent to professor Sargent. Then in 
the p. M. ran down to the mouth of Prairie River and up that to 
the first fall or rapid in Town 56, N. R. 25, W. 4th Mer. In 
ascending this river after leaving the Mississippi, the current is 
slow and the water deep, the channel taking a wide bend to the 
west then sweeps around to the east. On the present point formed 
by this bend there are some white and bur oaks, ash, elms, aspen, 
etc. Just at the base of this point the river has a north and south 
course, and a rapid over a boulder clay exposure. These rapids ex- 
tend up stream about half a mile, when the river expands in a 
broad lake-like channel with wide borders of wild rice. For about 
four miles to near the foot of the lower falls the banks are low 
and bordered by cedar, aspen, balm of Gilead, oaks, pines, etc. As 
we approach the rapids below the falls the lake-like channel has 
many boulders and two or three small islands on which is some 
grass and shrubs. Owen in the description of Pokegama falls in 
his report of the geological survey of Wisconsin, Minnesota and 
Iowa, says that the continuation of the ridge which forms these 
falls, to the northeast constitutes the divide of the waters flowing 
north to Rainy Lake from the waters running south to the Mississ- 
ippi and St. Louis. It appears that neither he nor his assistants 
were aware of the existence of these falls of Prairie river. The 
exposure of this rock which occasions the Pokegama falls appears 
to me to be a part of the same ridge forming the two falls of Prai- ^ 
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rie river. The rock exposure forming the upper falls, I have 
traced in a northeast direction over one mile, the upper falls and 
the lake between it and the lower fall being the result of igneous 
forces. The sketch of the two falls and lake between them is 
copied from one made by me from actual survey in August 1869. 
(Plate II, Fig. 1.) 

These exposures of rock have been greatly disturbed and so altered 
by igneous forces that their dip is very difficult to determine. The on- 
ly point where the dip is apparent is at the lower fall near the point 
marked 3 on the plot, where the water glides over the smooth sur- 
face at an angle of about 35® toward the south for about six rods; 
near the foot of this slope was taken No. 102 from the top, 
which, during high water is beneath the surface. The surface of 
the water in the upper lake above the rapids is about 10 feet higher 
than the lower lake. The lower lake is about 15 feet above the 
surface of the water in the river below the rapids at the landing at 
the beginning of the carry, making a total fall of some twenty- 
five feet. The trail from the landing to the lower lake is full of 
loose rock of altered — metamorphosed — sand stone. Specimen 
No. was from near the middle of the carry where the surface 
of the rock in situ was exposed; it was about 8 feet above the water 
in the lower lake. Near the foot of the lower fall there is a seam 
or vein of ironstone, Nos. 112, 113 and 114. The course of the vein 
is about N. 40® E. S, 40® W. and where exposed in the channel of 
the river lies nearly horizontal, while the dip of the rock is about 
15® S. W. At about the middle of the channel where the ironstone 
is the most plainly revealed there seems to be a fault, over the 
edge of which the water has a perpendicular fall of about 18 inches 
while the containing rock retains its dip of about 15®; but both 
soon after disappear beneath loose boulders to again reappear on 
the left bank a little below the landing. The width, (10 ft.,) of this 
vein of iron is quite uniform* as far as it is traceable. In the 
drift on the right bank some parties in prospecting have dug pits 
in a course in which this vein if extended would be found; the pits 
are 5 or 6 feet deep, from the bottom of which a specimen was 
taken. 

At the upper fall the rock has been subject to a more energetic 
disturbance and is broken and dislocated in all direc);ions so that 
the dip or course of any particular seam is difficult to determine. 
Many of these cracks are filled with a quartzyte comglomerate 
(^^ofl. 109 and llO.^ilSil one point I thought that I saw an injection of 
trap when surveyulg in 1869, but after diligent search at this time 
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failed to find it. I might have been mistaken then but my im- 
pression is that such a seam of trap was seen and specimens taken. 
The river here is contracted to a width of 18 or 20 feet, between 
perpendicular walls of rock 15 or 20 feet high. To the east of the 
river and "carry'' the rock rises to a hight of about 50 feet above 
the surface of the water in the lower lake, and the ridge continues 
in a northeasterly direction, with frequent out-crops of the rock 
above the drift and soil covering it and then sinks beneath the 
swamp in section 26. Friday and Saturday were employed in col- 
lecting samples in the vicinity of the falls and lakes. 

Camp No. 15^ Sunday^ Augmt 13. 

Started from Prairie river falls at 9:30 a. m. After entering the 
Mississippi, frequently landed on the points formed by the bends 
of the river in meandering through the wide flood-plain which are 
densely covered by a large growth of hard woods. On one of these 
points in town 54, N. R. 24 W. was rewarded in my search by 
finding a single tree of hack berry, Celtis Mississippiensis, Bose 
or C. integrifolia Nutt.; being without fruit could not decide 
which variety. 

This is the most northerly point where I have seen this species. 
Mr. J. P. Hinchellwood tells me that, when he wa^^ U. S. Deputy 
Surveyor, surveying T. 149, N. R. 26, W. 5th Mer., he saw several 
of the trees on the flood plains of the Big Fork, a tributary to 
Rainy Lake. Camped on a blutt' 65 feet high by barometer meas- 
urement. The country west is a gently rolling, open brushy tract. 
About half a mile west is seen the remains of a large growth of 
pine in the shape of tall blackened trunks with a few live trees. 
The new growth is principally birch and aspen, a few oaks, with 
cherry, willow, alder, hazel, etc. Very little of it exceeds ten fe^t 
in hight while ferns and blueberries dispute for room with the 
grasses. The following rough sketch will give an idea of the form- 
ations as seen on the steep bluft* revealed by land slides. (Plate II. 
Fig. 2). 

Camp No. 16., Monday ^ August 16. 

A dense growth of young aspen, birch, alder and willow sur- 
rounds our camp, which is on a kind of ateiTace, the bluff in about 
eight rods rising about 15 feet. On our way to-day we saw bluflfe 
from thirty to sixty feet high where the stratification was well t 

uigitizea Dy ^^av^OV LC 



^f ATE GEOLOGIST. 19^ 

shown which did not vary much from the sketch and description 
given above. In one place where the river swept around in a very 
regular curve of nearly half a mile periphyry and quite or more 
than a semi-circle, the bluff was about thirty-five feet high, and 
when near the middle of the curve there appeared above the water 
a bed of very compact clay, which had a dip up stream, the top- 
most layer continually rising above the water and appearing like a 
wall of irregular sized brick in regular courses, the courses being 
very regular. This layer seemed to end on the bluff ascending to 
a kind of terrace above the flood-plain, the second bluff also ter- 
minating some of the upper courses. (Plate II, Fig. 3). 

The rough sketch will convey to the mind an idea of the ap- 
pearance better than any description. The courses as represented 
are too thick and the dip too great; otherwise it is nearly as it ap- 
pears from the river. The timber on the higher bluff is principally 
black and Norway pine and on the flood plain soft maple, oak, ash, 
elm, aspen, and willow, of which last I saw some large specimens. 
I also saw butternuts, the first seen on this trip. 

Camp No. 11, Tuesday, August 17, 

Began our journey at 7J^ a. m. The river is very crooked. The 
timber on the flood plain increases in size as we descend the river. 
Passed the mouth of Swan river at 4 p. m. There has been a steam 
mill in operation here since I passed here the last time, but it has 
been removed with all the machinery, and no residents are here now. 
Camped on a bluff perhaps fifty feet above the river. There was 
a crew of hay makers camped there in charge of Mr. Libby, from 
whom I received much valuable information as to the standing 
timber in the vicinity. The soil on the left or west bank of the 
river is more clayey and boulders come to the surface. Cedar, 
spruce, balsam-fir, etc., are seen in dense woods, and crews 
of Indians and half-bloods are at work getting out cedar telegraph 
poles. 

Camp No. 18, Wednesday, August 18. 

The timber on the flood plain continues to increase in size; saw 

many large old oaks, ash, elm and aspens, many four to five feet in 

diameter. The yellow birch aud soft maples are many of them 

three to four feet in diameter. 

14 
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Camp No, 19^ Thursday^ August 19, 

Passed the mouth of Sandy river at 8^ a. m. Landed to take a 
look at the place famous in the history of the early explorers and 
voyagers. Nicolet, Schoolcraft, Owen, Pike and other scientific 
explorers of the upper Mississippi in the past one or two hundred 
years have made this one of the noted places. Here is where they 
came to or left the Mississippi on their way to or from Lake Su- 
perior. 

The trail from the West Savanna, a branch of the Prairie river, 
-which at last flows into Sandy Lake, to the East Savanna, a tribu- 
tary to the St. Louis river, had been used from the time tradition 
tells not of. A long narrow ridge in a northerly and southerly 
direction separates the Mississippi flood plain from that of the 
Sandy, and for'several rods above its southerly end both rivers wash 
the base of the ridge. The Mississippi, where thfe Sandy joins it 
takes a bend— as in many other places noticed— and follows the course 
the Sandy where their waters mingle. The ridge is quite regular 
in out-line,- about fifteen feet above the Mississippi and sixty or 
eighty rods long, as the north of it expands and rises perhaps fif- 
teen feet higher; and on the southerly declivity are a number of 
Indian graves. The spot has probably been used as a burial place 
for centuries. On the ridge are many pits which were once cellars 
under timber houses, but now there is not a house on the ridge, 
and only a pit and one or two half-cut-up logs indicate where in 
1864-68 Mr. Libby had his house and store. 

A few granite boulders are seen on the ridge and where the 
Mississippi washes the base of the bluff are pebbles of granite, 
quartz, slatestone, etc., forming a shingle beach. 

This region had long been in dispute for possession by the Sioux 
and Chippeways. Schoolcraft tells of sanguinary battles between 
them and how the fierce Chippeway warriors of the north finally 
drove the Sioux from this favored region and took possession; 
retained it until the pale-face subdued them and finally purchased 
of them the graves of their ancestors as well as the rich pine 
forests. 

About two miles below the mouth of Sandy river there is a short 
rapid where the water breaks over large boulders and the shore is 
rocky. 

We camped on one of the few sandy bluffe to be found between 
the Sandy river and Pine Bluff below Aitken. 
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Camp No, 20, Friday, Aug, 20, 

This morning we felled an oak. Quercus hicolor, Willd. Pin oak, 
or swamp white oak, by both the common names, I have heard it 
called. This kind of oak is common on. the flood plains of the 
Mississippi above Crow Wing, and flourishes as far north as Lake 
Winnibegosis also in the woods of Benton, M^lleLacs and Morrison 
counties. Passed the mouth of Willow river at 3 p. m. About 
two miles below the mouth of Willow river by section lines, but 
three times that distance by the meanderings of the Mississippi, 
there is the worst rapids to be found between Pine Bluff below 
Aitken, and Grand Rapids about four miles below the Falls of 
Pokegama. Camped on the highest bluff to be found for many 
miles, in Sec. 28, T. 48, R. 26. 

Camp No, 21, Sat ur day, Aug, 21, 

Did not get started until past 8 a. m., when after a hard pull, at 
12^ p. m., we entered Mud river. After dinner I went up to Ait- 
kin station, about one mile from the Mississippi, where the North- 
em Pacific crosses Mud River. This is now quite a village. 
Made such arrangements as relieved me of the necessity of con- 
tinuing the journey in the canoe to Brainerd. 

Here ends one of the most instructive and interesting canoe 
journeys of the many that I have heretofore made in the interest 
of pind laud owners or as U. S. Deputy Surveyor surveying public 
lands. In the following pages I will give a list of all the forest 
trees and shrubs that I have been able to identify in the region 
traversed. A map of the country also accompanies the pa- 
per on which I have endeavored to mark the limits where some 
of the most important trees form the characteristic forests. 

I wish here to record my obligations to Mr. Thos. C. McClure of 
this city St. Cloud for his pecuniary assistance without which the 
journey would not have been made. Also to Mr. Geo. A. Morrison of 
White Earth, Mr. Wakefield of Grand Rapids, and Mr. C. H. 
Douglass of Aitkin, all these gentlemen having assisted to the full 
extent of my needs in the prosecution of the work. 

The following is a list of the forest trees identified in the region 
traversed: 

Tiliacece. 
1. Tflia americana, L. Basswood, abundant °{f^^'^ ^'' GoOglC 
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2. Zanthoxylum americanum, Mill, Prickly Ash 00 

Sapindaceie. 

3. Acer dasy carpum, Ehrh, Silver maple 47 

4. Acer pennsylvanicum, L., Striped maple 50 

5. Acer rubrum, L., Red maple 51 

6. Acer sacchannum, Wang, Sugar maple 52 

7. Acer nigrum, Michx, Sugar maple 00 

8. Negundo aceroides, Torr & Gray, Box Elder 53 

9. Rhus typhina, L, Staghom Sumach 56 

10. Rhus glabra, L, Smooth Sumach 00 

21. Rhus venenata, D. C. Poison Sumach 00 

12. Prunus americana, Marshall, Wild Plum 76 

13. Prunus pennsylvanica, L., Wild red Chern 80 

14. Prunus serotina, Ehrh., Wild black Cherry 81 

15. '* virginiana, L., Choke Cherry 00 

16. Pyrus sambucifolia, Chem & Schlect, Mountain ash 89 

17. Crataegus cocdnea, L. Pcailet fruit Thorn 94 

18. ** crus-galli, L., Cock-spur Thorr 96 

19. ** tomentosa, L., Pear Tbom 102 

20. Amelanchier canadensis, Torr & Gray, Juneberry 105 

Cornaceof. 

21. Comus florida, L., Flowery Dogwoo<l 115 

Caprifoliaceo'. 

22. Sambucus glauca, Nutt, Elder 122 

23. Virbumum lentago, L., Sheepberr> 123 

24. Vibumum prunifolia, L. Black Haw 194 

25. ** opulus, L., Highbush Cranberry 00 

26. ** nudum, L., White-rod 00 

27. '* dentatum, L., Arrow-wood 00 

Thymeleacew, 

28. Dirca palostris, L., Mooee wood, leather wood 00 

Ole^uea. 

29. Fraxinus americana, L., White Ash Di^itlzect by GO^qIc 
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30. '* sambudfolia, Lam., Black Ash 155 

31. *' quadrang^ulata, Michz, Blue Ash 156 

32. *• viridis, Michx 157 

Urticacem. 

33. Ulmus alata« Michx, Small leaved Elm(?) 176 

34. ** americana, Willd, White Elm 177 

35. ** fulra, Michx, Slippery Elm 179 

36. •* racemosa, Thomas, Rock Elm 180 

37. Geltis occidentalis, L., Hackbeny 184 

Juglandaceoe, 

38. Juglans cinera, L., Butternut 195 

39. Carya amara, Nutt, Bittemut 1 99 

Cupuliferfe. 

40. Quercus alba, L., White Oak 201 

41. *' bicolor, Willd, Pin Oak J09 

42. •• cocdnea, Wang, Scarlet Oak -13 

43. " macrocarpa, Michx, Burr Oak 227 

44? *• palustris (?). Du. Roi, Pin Oak iSl 

45. ' • rubra, L., Red Oak 231 

46. *' tinctoria, Burtram, Black Oak 236 

47. Ostrya virginica, Willd, Hop horn beam, Ironwood 244 

48. Carpinus caroliniana, Walt, Blue Beech 245 

Belulaceie. 

49. Betnla alba. L. (?) White Birch 246 

50. ** lutea, Michx, f. Yellow Birch 248 

51. ** papyracea. Ait, Canoe Birch 251 

52. Alnus incana, Willd, Black Alder 152 

53. ** serrulata, Ait, Smooth Aler 00 

Salicactvt. 

hMO. SaJix, six or seven species. 

61. PopuluB balsamifera, L., Balm of GOead 263 

62. '* canadensis, Ait 00 

63. ** grandidentata. Michx 265 

64. ** monilifera. Ait 267 

65. " tremuloides, Michx 268 

Coniferce, 

66. Juniperus virginiana. Red Cedar 277 
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67. IChamaecyparis sphaeroidea, Spach. White Cedn' ?' 28$ 

68. Thiya occidentalis, L., White Cedar 285^ 

69. Abies baleamifera, Marshall, Balsam Fir 290 

70. Picea alba. Link, White Spruce 302 

71. *' nigrv, Link, black Cpnice. 304 

72. Larix americana, Michx, Tamarack 307 

73. Pinus banksiana, Lamb. Black Pin 313 

74. '* mitis, Michx, Hard Norway 324 

75. ** resmosa Ait, Red-barked Nor\va^ . 330 

76. '* strobus, L., White Pine :i35 

The following I have heai-d of, as Rowing near Pokegama lake, but I have 
not seen the trees. 

77. Abies canadensis. Hemlock . . 299 

78. Pyrus coronaria, L. Crab Applt 87 

The figrures on the right of the names are the numbers in Prof. Sargent's 

pamphlet of the forest trees of North America. 

The Forest DistributioiL 



In the accompanying map of the upper Msssissippi country, I 
have endeavored to show the region where there is a decided prev- 
alence of one particular tree characteristic of the tract. The 
dotted line will very nearly represent the southern and western 
limits of the tract where the white pine, Pinus strobus^ is the char- 
acteristic tree. It is from the region north and east of this line that 
the largest quantity of pine lumber n\anuf actured in Minnesota at 
and above Minneapolis, comes. Besides this characteristic tree I have 
identified sixty-four species of trees, not counting the shrubs found 
growing in more or less abundance, in the region of country 
indicated. In the following table, the numbers in the first column 
are the numbers in the preceding list; the second column will rep- 
resent the comparative abundance of the trees, taking 10, the 
white pine as being in the greatest abundance. 
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On the map within the region covered by the dotted line I have 
marked, by a line of altemiate dots and dashes, a tract of land on both 
sides of the Mississippi, commencing a little to the east of the 
third gnide line on the Mississippi thence in a northeasterly direc- 
tion, thirty or thirty-five miles, having an average width of about 
twelve miles. This region is quite level and flat, so much so that 
the drainage is imperfect,* forming extensive swamps of cedar, 
tamarack, spruce and balsam fir. Here the characteristic tree is 
the white cedar. It is from this region that the largest number 
of cedar telegraph poles are procured. 

On the flood plain of the Mississippi where the drainage is 
greatest — the river having a channel in the soft spongy soil, to a 
depth of 6 to 14 or 16 feet, and pursuing a very torturous course — 
there is a thrifty growth of oaks, elms, bass, maple, ash, &c. 

The plain line will very nearly approximate to the western and 
southern limits of the pines. There are occasionally pines seen in 
small groves or single trees south and west of this line, but they 
are exceptions. The characteristic tree between this line and the 
plain line, is the black pine, Pinus banksiana; the number 
of species is about the same as in the first region, but their rela- 
tive abundance as well as their developement, total amounts 
and thriftiness of growth are different, the geology of the country is 
less favorable to them. The soil, except in a few limited areas, is 
sandy, the growth of trees, as well as of^the phaenogamous plants 
and grasses, less rank. 

There are several tracts of limited extent in this belt that 
partake of the same geological features found in the first region, 
and the characteristic trees, the relative abundance and develope- 
ment agree correspondingly. The largest areas of this character 
are found about the source of the Otter Tail River. The other 
and larger, south of the Crow Wing River and west of the Mississ- 
ippi, includes the Little Elk River and a part of the Long Prairie 
River. 

The following table will very nearly represent the relative dis- 
tribution of trees in the second region: 
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West and south of the plain line commences the belt of de- 
ciduous hard woods, mostly covered by dense heavy timber, with 
some small prairies interspersed. The western and southwestern 
limits of this tract I have indicated by a line of dashes separated 
by two dots, and it may be taken the commencement of the great 
prairie regions, the prairies prevailing with small groves of timber 
interspersed on its eastern borders. 

The following is a list of the trees noted in this belt on the 
road east of the White Earth Agency: 
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8HRU1IS IDENTIFBD. 

1. Zanthorhiza apiifolia. L'Her. 

2. Vitis cordifolia, Michz. 

3. Ampelopsis quinquefolia, Michx. 



Bhamnacece. 



4. CeanothuR americanus, L. 



6. CelastruB scandens, L. 



7. Amorpha fructiooea, L. 



CeliMtrciceoB. 



LeguminoscB. 
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8. ** canescens, Nutt. 

Rosacece. 

9. Spiraea salicifolia. 

Saxifragaceae. 

10. Ribes cynosbati. L. 



mil 



11. 

12. 
13. 
14. 
15. 



16. 
17. 

18. 
19. 



21 
22. 
23. 
24. 
25. 



' hirtellum, Michx. 
' rotundifolium, Michx. 
' prostratum, L'Her. 
' floridum, L. 
rubrum, L. 



Cornaceof. 



Comus canadensis, L. 
** drcinata, L'Her. 
** sericea, L. 
'* stolonifera, Michx. 
'* alternifolia. L. 

CaprifoUac(e. 

Symphoricarpus racemosiis, Michx. 

*' vulgaris. Michx. 

Lonicera gp^ta, Ait. 

** parviflora, Lam. 
Diervilla trifida, Mcench. 

EHcaceae. 



26. Gaylussacia duniosa, Torr & Gray. 

27. " resinosa, Ton* & Gray. 

28. Vaocinium oxycoccus, L. 

29. ** maci-ocarpa, Ait. 

30. ** pennsylvanicum, Lam. 

31. Arctostaphylos uvaursi, Spreng. 

This short and imperfect list is given in the hope that another $;eason T ihall 
have both time and means to extend the list. 

PHAN06AM0U8 PLANTS IDENTIKIED. 

Ranunculacece. 



1. Anemone patens, L. 

2. ** parviflora, Michx. 
8. " cylindrica, Gray. 
4. '* virginiana, L. 

6. *' pennsylvanica, L. 
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7. '* nemorosa, L. 

8. Hepatica triloba, Chaix. 

9. Ranunculus rhomboideus, Goldie. 

10. *• recuurvatus, Poir. 

11. " pennsylvanicus, L. 

12. '• repens, L. 

13. " acris, L. 

14. Caltha palustris, L. 

15. Aquilegia canadensis, L. 

16. Delphinium exaltatum, Ait. 

17. *' azureum, Michx. 

18. Actaea spicata, L. 

19. '* alba, Bigel, 

Berberidaceo!, 

20. Caulophyllum thalictroides, Michx. 

Ntfrnphacecn. 

21. Nympheea, odorata, Ait. 

22. Nuphar advena, Ait. 

Sarraceniacece, 

23. Sarracenia purpurea, L. 

Fumariaceof, 

24. Corydalis flavula, Pursh. 

Crucifera?. 

25. Nasturtium sinuatum, Nutt. 

26. Arabis canadensis. L. 

27. " perfoliata, Lam. 

28. '* drummondi, Gray. 

29. Barbarea vulgaris, R. Br. 

30. Erysinum cheiranthoides, L. 

31. Lepidiura intermedium. Gray. 



Resedaceof. 



32. Viola rotundifola, Michx. 

33. * blanda, WiUd. 

34. '* selkirkii, Pursh. 

35. •* cucuUata, Ait. 

36. ** pubescens, Ait. 

37. '* tricolor, L. 
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Cistacete. 

38. Helianthemuiu canadense, Michx. 

Hypericace(B. 

39. Hypericum ellipticum, Hook. 

Cari/ophf/llacecgy 

40. Silene nivea, D C. 

40. Arenaria lateriflora, L. 

42. Cerastium nutans, L. 

43, ** arvense, L. 



Pofiulacaceai. 



44. Portulaca retusa, englm. 



Linacew. 



45. Linum sulcatum, Riddell. 



Geraniacect. 



46. Geranium maculatum, L. 

47. ** pusillum, L. 

48. Impatienfi fulya, Nutt. 

49. Oxalis violacea, L. 

50. ** striata. 



20» 



51. Polygala sanguinea, L. 

52. ** senega, L. 



Polygalacea. 



Leguminosae. 



58. LupinuB perenuis, L. 

54. Trifolium repens, L. 

55. Psoralea argopbylla, Pursh. 

56. Petalosiemon violaceus, Michx. 

57. '* candidus, Michx. 

58. Astragalus caiyocarpus, Ker. 
59 '* canadensis, L. 

60. ** cooperi, Gray. 

61. DeflmodiumHu^uminatum, D C. 

62. ** rotundifolium, D C. 

63* '* cuspidatum, Torr and Gray. 

64. '* paniculatum, D C. 
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65. 


Vicia americana, Muhl. 


66. 


** caroliniana, Walt. 


67. 


Lathyrus venosas, Muhl. 


68. 


" ochroleucu8» Hook. 


69. 


** palustrb, L. 


70. 


Apiosa tuberoea,, Moench. 


71. 


Phaseolus perennis, Walt. 


72. 


" paucflonis, Benth. 


73. 


Baptisia leucantha, Torr and Gray. 




Bosaceae 


74, 


Agrimonia eupatoria, L. 


75. 


Geum strictum, Ait. 


76. 


** rivale, L. 


77. 


G. triflounn, Pursh. 


78. 


Potentilla norvegica, L. 


79. 


'* arguta, Pursli. 


80. 


*' anserina, L. 


81. 


tridentata, Ait. 


82. 


Fragaria virgininia Ehrhart. 


«3. 


" veaca, L. 


84. 


Rubus, triflorus, Richardson. 


85. 


** atrigosus, Michx. 


86. 


** occidentalifl, L. 


87. 


*' villosus, Ait. 


88. 




89. 


** hiepidus, L. 


90. 


** cuneifolius. 


91. 


Rosa lucida £brhart. 


92. 


** blanda, Ait. 


^. 


Pamassia Carolina, Michx. 


U. 


Heuchera hispida, Pursh. 




Craasulaeeae 


^5. 


Penthorum sedoides, L. 


^. 


Tillaea simplex, Nutt. 




Uulorageae. 


^7. 


Hippuris, ? 




Onagraceae. 


^. 


Epilobium angustifolum. 


99. 


Oenothera biennis, L. 


100. 


** fruticosa, L. 


101. 


** riparia, Nutt. 


102. 


** pumila, L. 


103. 


** sermlata, Null. 



Digitized by 



Google 



STATE GEOLOGIST, 211 

Lythraceae, 

104. Lythruni alatum, Pursli. 

Cucurhitaceof, 

105. Echinocystis lobata, Torr and Gray. 

(AnbellifleriB, • 



; 



106. 


Sanicula marilandica, L. 


107. 


Heracleum lanatum, Micbx. 


108. 


Archemora rigida, D C. 


109. 


Conioselinuin canadense, Ton- and Gray, 


110. 


Thaspium barbinode, Nutt. 


111. 


" aureum, Nutt. 


112. 


** trifoliatum. 


113. 


Cicuta maculata, L. 


114. 


Cryptat«nia canadensis, D C. 




Araliaceai, 


115. 


Aralia racemosa, L. 


116. 


*• nudicaulis, L. 


117. 


'* quinquefolia. 




RubiaceiB. 



118. Galium asprclluni, Miclix. 

119. " triiidum. L. 

120. *' boreale, L. 

121. Mitchella repens, L. 

Conip08it<e. 

122. Liatris elegans, Willd. 

123. ** squarosa, Willd. 

124. '* cylindracea, Michx. 

125. Eupatorium perpureum, L. 

126. *' perfoliatum, L. 

127. " ageratoides, L. 

128. Aster maerophyllus, L. 

129. "' sericeup, Vent. 
129J4 ** patens, Ait. 

130. " simplex. 

131. '' novse-belgae. 

132. ** ptarmicoides, Torr and Gray. 
183, Erigeron philadelphicum, L. 

134. ** strigosum, Muhl. ^ ^ 

135. »' var integrifolium, Brgel. Digitized by GoOgte 
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lSb^ Solidago serotina, Ait. 
136. Chrysopsls villosa, Nutt. 



137. 


Pluchea foetdda, D C. 


138. 


Heliopsis IsBvis. 


139. 


Echinacea (V) 


140. 


Rudbeckia hirta, L. 


141. 


Helianthus tracheliifolios, Willd. 


142. 


** doronecoides, T<am. 


143. 




144. 


Helenium antunnale, L. 


145. 


Maruta cotula, D C. 


146. 


Achillea millefolium, L. 


147. 


Leucanthemum vulgare. Lam. 


148. 


Tanacetum huronense, Nutt. 


149. 


Artemisia canadensis, Michx. 


150. 


** borealis Pallas. 


152. 


Senecio lobatus Pers. 


153. 


'* aureus, L. 


154. 


Cirdum, two or three species. 


155. 


Krigia virginica, Willd. 


156. 


Cynthia virginica, Don. 




Lobeliaceae, 


157. 


Lobelia syphilitica, L. 


158. 


Kalmii, L. 




Campanulacece. 


159. 


Campanula rotundifolia, L. 


160. 


Campanula aparinoides Pursh. 


161. 


Gaultheria procumbens, L. 


162. 


Pyrola rotundifolia, L. 2 var. 


163. 


** elliptica, Nutt. 


164. 


** chlorantha, Swai-tz. 


165. 


Chimaphilla umbellata, Nutt. 




PHmulacea 


166. 


Lysimachia thyrsiflora, L. 


167. 


'* stricta, Ait. 


168. 


dliata, L. 


169. 


lanceolata, Walt. 


170 


*' longifolia, Pursh. 




Sci'ophulariacece 


171. 


Verbascum thapsus, L. 


172. 


Linaria vulgaris, Speng. 


173. 


canadensis, Mdl. 
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174. Scrophularia nodosa, L. 

175. Pentstemon pubescens, Solande. 

176. *' grandiflonis, Eraser. 
177.. Mimulus ringens, L. 

178. ** jamesii, Tow. 

179. Micranthenum nuttallii. Nut. 

180. Veronica virginica, L. 

181. Gerardia aspera, Dongl. 

182. *' tenuifolia Vahl. 

183. •* setacea, Walt. 

184. CastiUeia coccinea,*Spreng. 

185. ** aessiliflora, Pursh. 

186. Pedicularis canadensis, L. 



Verbenacece. 



187. Verbena hastata, L. 

188. " urticifolia, L. 

189. V. bracteosa, Michx. 

190. Phryma leptostachia, L. 



LabicUce. 



191. Mentha canadensis, L. 

192. Lycopus europseus, L. 

193. Hedeoma pulegioides Pers. 

194. ** hispida Pursb. 

195. Monardafistuloea, L. 

196. Lopbantbus anisatus, Bentb. 

197. Brunella vulgaris, L. 

198. Scutellaria parvula, Milcbx. 

199. ** galericulata, L. 

200. ** lateriflora, L. 

201. Stacbys cordata» Rid. 







Bm 






Baraginaceai, 

202. Litbospermum canescens, Lebm. 
203 " longiflorum, Spreng. 

204. Cynoglossum morisoni D C. 

Polemoniacece. 



205. Pblox glaberrima, L. 

206. ** pilosa, L. 



Convolvulacece. 



207. Ipomoea lacunoea, L.' 

208. ** pandurata, Meyer. 
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Solanaceas, 

209. Physalis grandiflora, Hook. 

210. '* visooBa, L. 

Gentianacem, 

211. Gentiana crinita, L. 

212. •* detonsa Friee. 

213. " quinqueflora, Lam. 

214. ** andrewfiii Grisb. 



Apocynaceae, 



215. Apocynum androsa^miflolium, L. 

216. '* canabinum, L. 

Aschpiadaceae^ 

217. Asclepias cornuti Decains. 

218. '* purpurascens, L. 

219. variegata, L. 

220. '* perennis, Walt. 

221. *' tuberoBa, L. 

222. Acerates lonjfifolia, Ell. 

Xffctaginaceae, 

223. Oxybaphus nyctagineous Swet. 

Phyfolaccaceae^ 
72A. Phytolacca decandra, L. 

Chenopodiaceaf. 

225. Chenopodium album, L. 

p Polygonaceae. 

226. Polygonum persicaria, L. 

227. '* hydropiper, L. 

228. *' aviculare, L. 

229. " convolvulus, L. 

230. cilinode, Michx. 

231. Rumex britanica, L. 

232. '' vertieeUatus, L. 

233. '* aceiogella. L. 

Urticaceae, 



234. Urticagracai..Ait. Digitized by GoOglC 
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■235. 
236. 
237. 



238. 
239. 



240. 



:241. 



-242. 
243. 
244. 



■*• aioica. 
Laportea canadensis Gaud. 
Humulus lupuluB, L. 



Arissema triphyllum-. 
Acoras calamus, L, 



Araeeae, 



Tt/phaceae. 



Typha latifolia. 

A Usmaceae. 
Sagittaria variabilis, Englm. 

Orchidaceae. 

Cypripedium candidum, Muhl. 
^ parviflorum Salest. 

•^ spectabile Swartz. 



245. Hypoxys erecta, L. 



Amaryllidaccae. 



Iridaceae. 



246. 
247. 



248. 
249. 
250. 
251. 
252. 
253. 
254. 
255. 
256. 
257. 
258. 



Iris versicolor, L. 
Sisyrinchium bermudianum, L. 



Liliaceae, 



Trillium grandiflorum Salest. 

" cermiiuu, L. 
Zygadenus glaucus Nutt. 
Smilacina bifolia Ker. 
Polygonatum biflorum. 

" giganteum. 
Ulium philadelphicum, L. 

" canadense, L. 

** superbum, L. 
Allium tricoccum, ait. 

** Bchoenoprasum, L. 



Juncaceae. 



15 



Three or four species. 
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Commelynaceae. 

259. Tradescantia yirgimca, L. 

Besides the foregoing list of phsenogamous plants, I have partly 
identified about eighty species of others; also collected and num- 
bered fifteen or twenty species of ferns, sixty or seventy of grasses 
and forty or fifty of sedges, but I am not yet prepared to affirm 
that the identifications can be relied upon as correct. The limited 
time and means at my disposal have not permitted a satisfactory 
study of them. One or two seasons' residence at Itaska lake, and 
the time wholly devoted to collecting and identifying, would 
hardly give a satisfactory list of all the different classes, to say 
nothing of the entomology and ornithology of the region. 

Very respectfully, 

0. E. GARRISON. 

Topography. 

The area comprehended in the examination is embraced between 
townships 130 and 14T, inclusive, of ranges 25 to 40, inclusive, 
west of the 5th meridian, and townships 41 to 58, inclusive, of 
ranges 22 to 27, inclusive, west of the 4th meridian, or approxi- 
mately between latitudes 48® and 4T® 42 min. north, and longi- 
tude 93® 10 min. and 95® 15 min. west from Greenwich, or one 
fiundred and twenty-six by one hundred and eight miles. In this 
rectangle, covering an area not far from thirteen thousand six 
hundred square miles, barely one thousand five hundred square 
miles were visited by me during the two months occupied in the 
explorations of the past summer, the limited time and means at 
my disposal not allowing of a more extended and satisfactory ex- 
amination. However, excepting a strip of about 40 miles wide, on 
the west side, south of the line between towns 139 and 140, com- 
prising the country of Ottertail lake and river, and that part of 
the west side north of the line between towns 141 and 142, about 
30 miles wide, together with two small areas on the northern and 
eastern portions represented on the map, viz: the Bigfork river and 
Bowstring lake, with the three or four townships adjacent, and the 
Swan river region, there is but a small part of the whole area 
which I have not visited and taken notes on some time subsequent 
to the A. D. 1856, either as U. S. deputy surveyor or in exploring 
for pine land in the interest of lumber dealers. 

The district here brought under our notice includes portions of 
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the great drainage areas, where the chief rivers of the continent 
find their sources. These are the Mississippi, the Red river of the 
North, with a main branch of the Rainy Lake river. The first is 
^ east and south of the great water shed, whose waters flow into the 
Gulf of Mexico, while the other two are portions of the widely ex- 
tended area whose waters are drained into Hudson's bay; while the 
eastern boundary very nearly follows the divide from which the 
waters flow east into the St. Louis river and finally into the Atlan- 
tic, through the great lakes and the Gulf of St. Lawrence. 

The area of the Big fork of the Rainy Lake river is of compar- 
atively limited extent, on the northern part of the rectangle, and 
near iis eastern end. The Red river area is quite regular in out- 
line, though the streams flow in widely different directions, its 
upper or northern portion is the broadest, its waters draining north 
and west, while the middle and southern portion drain to the south 
and west. 

Of the great Mississippi area, which takes up more than three- | 

fourths of the rectangle, the waters flow in every conceivable ^ 

direction. The outline of this area may be roughly stated as a cir- I 

cle with an irregular or crooked circumference, having a radius of i 

fifty miles, taking that part of the Mississippi below the mouth of ^ 

Crow Wing river, thence to the mouth of the Little Elk, as a sec- 
tion of this radius, protract this line nearly due north, and it will ! 
cross Leech lake passing a little to the west of Lake Winnebigosis 
Bisect this line and from the point thus found, draw a line at I 
right angles both east and west, extend each fifty miles, and we ■ 
have the two diameters of the circle. The Mississippi river will 
then be comprehended in this circle with nearly all its feeders above ji 
Little Falls; while the channel of the Mississippi with a radius of "^ 
about forty miles, will form nearly three-fourths of its circum- 
ference. Within this great circle are found several smaller cir- 
cles within which the rivers and brooks converge to a point of 
outlet. Each small circle contains a cluster of lakes^ some having 
a few large lakes, as that one in which is found Leech lake, and the 
one containing Gull, Pelican and Long lakes; the others have many 
small lakes. In the rectangle represented on the plate are seen 
seven large clusters, in all of which the water converges to one 
outlet, and two large and one smaller cluster from which the wa- 
ters flow in opposite directions. These last will be found in Gull 
lake, whose waters drain south, and Pelican Lake whose waters run 
north, and the cluster northwest of Mille Lacs lake, where the 
waters drain north and northeast through Mud river and southwest ^ t 
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by the Noaka river. The small cluster is seen to the west of the 
southern part of Mille Lacs, where the water drains east to that 
large lake and west by the Platte river. A study of this area gives 
the impression of one large basin enclosing many smaller ones. * 

The Divides. 

The main divide coming on this sheet, is the one separating 
the waters of the Mississippi from those of the Red river of the 
North. Beginning at the northern limits of the State near the 
line of ranges 36 and 37 of the 5th mer., township 147 N., the 
trend is a little to the east of south to the head of upper Red lake; 
thence it bends to the west of south — nearly southwest, but with 
an irregular line, to a point to the east about two miles from the 
north end of Many Point lake, whence its course is nearly due 
soi^th 12 or 15 miles, to near Toad lake^ whence it bears off a little 
to the east. A high hill is visible for many miles, and the divide 
assumes a broad table-like expanse. From here the divide has a 
general south trend for twenty or twenty-five miles, and is cross- 
ed by the Northern Pacific railroad in the vicinity of New York 
mills; here it takes a bend to the^ southwest, and passes between 
the Leaf lakes and Otter Tail lakes where it is about eighty feet 
above the surface of the fourth lake of the series in the old route 
from the Crow Wing river by way of LeaLlakes and river. This 
hight of land is as mentioned by Prof. D. D. Owen in his narra- 
tive. The only place where I have had an opportunity to meas- 
ure the hight of this line of divide, was where the Leech lake and 
White Earth road crosses near the southern part of township 141, 
N. R. 38, W. 5th mer., where I found it to be 1470 feet above the 
sea and 75 feet above the surface of the water in a small lake south 
of the road. Within the hills forming the divide is the outlet of 
the lake flowing to the west into the Otter Tail or Red river. 
Only small portions of the other main divides come within the 
limits of this sheet. That part of the northern range of hills that 
separates Lake Winnebigosis from Bowstring lake and Big Fork 
river comes within our limits near the northeast comer of town 
147 N. range 27 west, 5th mer. and bears nearly southeast, pass- 
ing a short distance from the Bowstring lake to near the range 
line between ranges 25 and 26 of town 146, N. 5th mer., where it 
bends to the east and the Third guide meridian crosses it a little 
north of the northwest corner in township 57, nortn 4th mer., 

whence it bears a little to the south of east for about six miles i 
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when the trend takes a suddden bend at nearly a right angle and 
leaves the limits of the map near the middle of the north boundary 
of town 58, N. R. 25, west of the 4th mer. This portion of the 
great water shed dividing the waters flowing into Hudson's bay 
from those flowing into the Gulf of Mexico is said to be low, sel- 
dom rising in the form of a ridge, and at the trend near the south- 
east end of Bowstring lake in a swamp only a foot or two above* 
the surface of the lake. It is also said that by building a dam at 
a favorable place at the outlet of Bowstring lake, the waters could 
readily be made to flow to the south into a tributary of the Win- 
nebigosis lake. I am not prepared to affirm this from personal 
inspection, but Mr, J. P. Hinchellwood, the XJ. S. deputy who survey- 
ed the townsl^ps around the lake so reports. The divide on the east 
I have not seen, but it is reported to be high and broken, some of 
the hills on the trail or carry, from the head of West Savanna 
to the East Savanna river, by barrometer measurement, being 
over 139 feet above the waters of Sandy lake. In all this region, 
there is no hill approaching to a mountain. The recorded high- 
est point I have seen being only 1960 feet. 

Subordimate divides. The area comprised within the circle 
where streams are all feeders to the Mississippi; may with propriety 
be described as a large basin within which are many small basins. 
Most of these subordinate basins have a drainage of their own, and. 
are readily distinguished by the clusters of lakes seen on the maps. 

Having never seen any records of the bights of these, and no 
opportunity to measure any of them save in a few localities having 
presentetl, I must perforce content myself by calling attention to 
this peculiarity in the hopes that some time hereafter an oppor- 
tunity may occur to study it in the field. 



i>- 



The Strecuna 



The streams are so numerous that only a few can be noticed 
here. 

The Mississippi, The most important of all, having its source 
within this district, merits a far more extended notice than I am 
able to give from the hasty and short time expended in its exami- 
nation. It takes the name Mississippi only after its debouch 
from Itasca lake. There are several streams entering the lake 
which have disputed the right to be the extreme source. The one 
adopted by Nicollet and in the preceding narrative is the largest 

feeder to the lake and should have the name. The lake is a little over 
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three miles long, north and south, shaped some like a letter U 
with a projection on the northwesterly side of the curve. The 
widest part is a little over half a mile. To continue the de- 
scription would only be repeating what has been said in the narra- 
tive of the journey down the river. 

* Crow Wing River. Of the tributaries to the Mississippi, the Crow 
Wing is the most considerable within the limits of the district. 
Taking its rise in some of its branches only a few miles south of 
Itasca lake it pursues a general southeast course, making a southing 
of about sixty miles and an easting of nearly the same. Its prin- I 

cipal feeders are the Shell, the Leaf and the Long Prairie, all of 
them considerable streams. Throughout its whole course and ' 

that of all of its wide spread branches, excepting those coming | 

from the south and entering the Leaf on the Crow Wing itself, 
the country is of a sandy character, bearing a small growth of 
pines, the black pine, Pinus banksiana being the characteristic tree, 
with here and there a grove of fair sized Norway pine mixed with 
which is a few white pines. Yet in this area there are some lar^^fe 
and many small tracts where the prevailing light sandy soil gives 
place to a rich, black sandy or gravelly loam. 

Pine River is next in size and first in importance of the tribu- 
taries to the Mississippi; taking its rise south of Leech lake and 
east of a broad stretch of sandy plain, it has a general southeaster- 
ly course, making about 25 miles southing and 26 or 27 miles east- 
ing from its extreme branches. In nearly its whole length it 
appears to form the dividing line between the sandy black pine 
planes and the rolling or hilly country to the east and north, where 
the surface soil is of a heavier or clayed nature with more boulders 
and the characteristic tree the white pine. Its principal tribu- 
taries are the Dagget brook and the Little Pine, both important 
streams from which many million feet of pine saw logs are annu- 
ally floated to the mills of Minneapolis and St. Cloud. 

Leech Lake River is apparently larger than the Pine, but I do 
not think that it carries more water. The channel is deep, broad 
and sluggish. The general dip or inclination of the surface 
throughout this whole region being about southeast the course 
of the river is at nearly a right angle to the dip, giving to the 
river this sluggish character. 

Willow River has its source to the southeast of Leech lake and 
has a general course easterly for about twenty-four miles when by 
a long curve it bears to the south, east, south, and then finally j 
southwest for about 28 miles; the whole of this distance nearly pi^^^C 
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allel with the Mississippi a gradually narrowing strip lying between. 
In the first part of its course the country is hilly or rolling and 
holds some of the best pine timbered lands within the circle of 
which the Mississippi forms nearly two-thirds of the periphery; and 
from its tributaries, the Moose and Hill rivers, as many or more 
good saw logs have been floated to the mills than from any similar 
area on the upper Mississippi. Below where the bend towards 
the south commences the river flows through broad plains with ex- 
tensive meadows and swamps of cedar; the iipmediate river bot- 
toms being covered by a growth very similar to the Mississippi bot- 
toms. 

These four rivers are the principal tributaries to the Mississippi 
within the rectangle, and are wholly, with the exception of 
some of the upper parts of the smaller branches of the Crow 
Wing, within the circular area of which the Mississippi is the ap- 
proximate periphery, and enter it from the right bank. Besides 
these there may be mentioned the Little Willow, and the Pokegama, 
tributaries direct to the Mississippi; the Shell, the Leaf, the Long- 
prairie, Gull and Swan Rivers, tributaries to the Crow Wing; all 
important streams carrying much water and floating many pine 
saw logs each spring. 

The Little Elk^ entering the Mississippi from the right, was 
noted by Nicollet and Owen on account of the proximity of its 
mouth to some important geological features, and is an imporrant 
stream to lumbermen. 

The tributaries to the Mississippi coming in on the left bank 
are generally smaller than those on the right, which is owing to 
the fact that the great water shed of the continent is more nearly 
followed in its curves by the Mississippi, as if in the great upheav- 
ing which formed the divide, a wrinkle was formed following near 
the summit through which the Mississippi naturally found its 
bed. I will mention the names of the largest beginning with the 
upper. Turtle, Deer, Prairie, Swan, Sandy, Rice, Mud, Rabbit 
and Anoka. The Piatt, Rum and Snake Rivers having their 
source within the rectangle, are tributaries to the Mississippi, 
directly or indirectly. 

Ttie Bed River of the North receives its principal water from 
within our area. Much perplexity has been occasioned by this 
branch as'well as the Red Lake River, being indiscriminately called 

the Red River. Owen gives the width of the east branch, by .-^ .. 

which I suppose he means the Red Lake River, as one hundred ^ i 

and twenty feet and the other as one hundred feet "The formef^®^ ^y VjOOglC 
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is the stream to which the name of Red River properly belongs."* 
Taking its rise about twelve miles to the west of Itasca Lake, the 
latter has a general south course, making many detours to the east 
and west, passing through many lakes and receiving several tribu- 
taries in a course of about fifty miles to Rush Lake; thence it 
flows about southwest to Otter Tail; leaving Otter Tail Lake it 
has a general north of west course and leaves the district in town 
134 N. 

Wild Rice River has its rise in township 145 N*., R. 36 W., 5th 
mer., and about twelve miles north of Itasca Lake, whence its 
course is a little south of west, seventy miles, emptying into Red 
River in township 144, R. 49. Having seen no Ipart of this river, 
I am not able to give an account of its character or the country 
adjoining. A branch of the Red Lake River takes its rise in a 
small lake in the northwest corner of town 146, R. 39, and has a 
north course to the north line of our rectangle. 

The Big Fork River rises to the north of our area and east of 
the fifth guide meridian, and has a southwest course to Bowstring 
Lake in township 147 N., R. 25 and 26 W., Ith meridian. I have 
heretofore at several times referred to this river, and no more in- 
formation cfitn be given. Owen's report gives a very minute ac- 
count of this river and its rock exposures.* 

The East Savanna River, a branch of the St. Louis, rises in a 
small lake in T. 52 N., R. 22 W., 4th mer., and is described as a 
stream having a width of one hundred and fifty to two hundred 
yards, overgrown with rushes, except a channel fifteen or twenty 
feet wide in the middle. The river has only eight or ten miles 
length within our area. 

Luxnberinff Reeouroea 

In the estimate of the amount of pine timber suitable for manu- 
facturing, standing at this date, I take it that there is an equivalent 
to forty townships, on each forty acre tract of which there are 
250,000 feet of pine standing. This is taken after a careful exam- 
ination of all the data I have been able to collect, and if correct, 
then we shall have 5,760,000,000 feet. This includes about one 
township out of every nine within our district, all of which 'are 
within the area where drainage goes into the Mississippi rivei. It 
also includes the several Indian reservations, on which are many 
millions of feet of excellent pine, and a tract on the Big Fork rir- 
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er, whose waters are now drained into the Rainy Lake river; but it 
seems from the facts obtained, the two hundred and fifty or three 
hundred million feet on that stream, Bowstring lake and the tribu- 
taries thereto, may be floated down the Mississippi. Many of the 
Indians and half breeds interested in the various reservations are 
beginning to realize the fact that in this pine timber on the reser- 
vations they have a mine of wealth, and all will be made available 
to manufacturers. 

How long the timber now standing and available will last is a 
question often asked, and it is a question of interest, not to the 
rising generation only, but to the present, as in a few years — at 
most within twenty-five — at the present rate of destruction, with 
no more eflFort than is now used to arrest useless waste or to re- 
new the growth, will see an end of lumbering on the upper Mis- 
sissippi. To demonstrate this will require only a little reflection 
and a few figures. There was manufactured at and above Minne- 
apolis during the years 1875 to 1879, inclusive, 807,087,685 feet of 
lumber, being a mean of 173,407,737 feet per year. It is but a 
fair estimate that there is as much more destroyed by fires, storms,. 
natural decay and useless waste in the forest by careless handling. 
On the other hand there is an increase by the annual growth of 
trees now too small for saw logs. From a great many measure- 
ments of the growth, I have found that a tree that in, say 1865^ 
measured twelve inches in diameter, in 1879 measured twenty 
inches in diameter, an increase of eight inches in fourteen years. 
This may be considered as a fair average of the growth of pine in 
the upper Mississippi region, and an estimate of 58,000,000 as the 
annual increase by natural growth. Now if we add the excess of * 
loss by causes above mentioned, amounting to 115,000,000 feet, to 
the annual consumption, we have a total of over 288,000,000 feet 
as the annual consumption and loss. Then divide the five hun- 
dred and seventy-six millions by the two hundred and eighty-eight 
millions and it gives an even 20 years as the time within which 
lumbering will cease to be a profitable business from the pineries 
on the upper Mississippi, unless some means are provided to 
prevent the annual consumption and waste. 
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VIIL 

THE HYDROLOGY OF MINNESOTA. 



A BEPOBT OF PBOGRBSS BY C. H. TBRBT. 



Any attempt to discuss the hydrographical system of any por- 
tion of the earth's surface should begin with the rainfall, because 
as has been said by a distinguished scientist, the true sources of 
our rivers is in the air. 

The condensation of watery vapor in the atmosphere causes 
rain and the rain supplies our lakes and streams and springs and 
wells with all the water they contain. 

Every drop of water even in the deepest well once floated as in- 
Visible vapor in the sunlit air and falling from thence onto the 
earth's surface with other drops, it percolated down through the 
soil, through loam, and sand, and gravel; through rock crevices and 
subterranean channels, until, at last the necessities of man found 
it in its prison, and raised once more to the light. 

Every particle of water which the Mississippi bears to the sea 
has come from the clouds. 

Every lake which mirrors the sky and reflects its light is like a 
•child looking up into the face of its mother, for no lake could ex- 
ist but for the clouds and the rain. 

The average annual rainfall of a place is therefore a matter of 
the utmost practical importance. If it should be cut off or mate- 
rially diminished the most serious consequences would ensue. Riv- 
ers would shrink to mere brooks or cease to flow, water powers 
would become valueless, mills would be idle, crops would fail, and 
the country would become an uninhabitable desert. 

But the 26 inches of water which annually falls over the great- 
er part of Minnesota makes it anything but a desert. ,2^ igl^S^dQlC 
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the hydrographical map shows what a vast and complicated 
net-work of lakes and rivers is required to carry off even a part of 
this preciptation. 

Few persons stop to consider or attempt to realize the vist 
amount of water represented by an annual rainfall of 26 inches. 

It may help the imagination to obtain a more distinct concep- 
tion of this fact if I quote right here a few words from a' lecture 
by Prof. Huxley, on Rain and Dew. 

"What does a meteorologist mean when he says that the annual 
rainfall is about 26 inches? By such a statement he means sim- 
ply that if all the rain which falls on any level peice of ground 
during an average year could be collected, none being lost by dry-^ 
ing up, none running off the soil, and none soaking into it, then 
st the end of the year it would form a layer covering the ground, 
to the depth of 26 inches. The year's accumulation of rain would 
thus form a vastness of water. Remembering that an inch of 
rain represents about 100 tons of water to the acre, it will be 
found that every acre receives during the year not less than 2,600 
tons of water." 

Rainfall at Minneapolis from records of Mr. Wm. Cheney 
showing the annual deposit of rain for ten years: 



Annual 
Year. Amount. 

1871 30.904 

1872 24.94« 

1873 31.902 

1874 29.043 

1875 30.042 



Annual 
Year. Amount. 

1876 28.749 

1877 25.208 

1878 22.158 

1879 27.180 

1880 



The average annual rainfall for 14 years according to Mr. Che- 
ney's observation is 29.tl8. 

The annual rain-fall of eastern Dakota from data furnished by 
the war department: 



Name of place. 



Length of time. 



Amount. 



Fort Pembina 

FortWadsworth. 
Fort Abercrombie 

Fort Randall 

Fort Pierce 



Average of 8 years 

O .... 

*' 17 ** .... 
** 8 10-12 years 
" 110-12 years 



16.91 inches. 
18.95 ** 
18.44 " 
16.51 " 
13.51 •* 



The Rev. Dr. A. B. Patterson of St. Paul kept a meteorolgical 
record from 1860 to 1876, the year of his death. uigmzea by CjOOQIC 
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The subjoined table gives the total rainfall for each month du- 
ring a period of 16 years and also the monthly and annual means: 

Totals. 

V 

January 15.17 

February 17.61 

Maixih 23.58 

April 31.04 

my 56.14 

June 74.53 

July 46.47 

August 73.23 

The average annual rainfall is 29.08 inches. 

Annual and monthly means of rainfall in Dakota from data 
of the War Department up to 1878. 



Monthly 




Totals. 


Monthly 


mean. 






mean. 


0.95 


September. . . 


.... 55.79 


3.46 


1.10 


October 


.... 34.6:^ 


2.15 


1.47 


November 


.. . 22.08 


1.31 


2.06 


December 


.... 14.33 


0.90 


3.51 


■ 






4.66 


Total.... 


• • . . 


29.08 


2.90 








4.57 









MONTH. 


Port 
Abercrombie 
1860 to 1877 


Fort 

Pembina. 

1871 to 1878 


Totals. 


Grand Mean. 


January 


0.52 
0.55 
1.01 
1.54 
2.16 
3.20 
2.23 
2:63 
1.66 
0.96 
0.64 
0.70 


0.18 
0.34 
0.70 
1.17 
2.65 
3.91 
2.81 
2.64 
1.24 
1.24 
0.52 
0.77 


0.70 
0.89 
1.71 
2.71 
4.81 
7.15 
5.04 
5.27 
2.90 
2.20 
1.01 
1.51 


0.35 


February 


044 


March 


0.85 


April 


1.35 


M^y 


2.40 . 


JUPO - - - . T . , , T ,,..... . 


3.51 


July..... 

August 


2.52 
2.63 


September 


1.45 


October 

November 


1.10 
0.50 


December 


0.75 






Mean 


18.44 


16.91 


35.25 


17.67 







Annual and monthly means of rain fall in Minnesota from data 
furnished by the War Department up to 1878. 



Digitized by 



Google 



STATS GEOLOOIliT. 



227 



MONTH. 


FortSnelling 
1836 to 1878. 


Fort Eipley 
1849 to 1877. 


Fort Ridgely 
1855 to 1867. 


St. Paul, 
1859 to 1^66. 
1871 to 1878. 


Grand 
Mean. 


January 

February 

March 

ADril 


0.97 
0.76 
1.31 
2.13 
3.40 
3.80 
3.01 
3.24 
3.42 
1.39 
1.49 
0.94 


0.85 
0.92 
1.55 
1.62 
3.08 
4.33 
4.14 
3.11 
3.28 
1.60 
1.73 
0.91 


1.51 
1.36 
1.61 
1.60 
2.88 
2.59 
2.67 
4.02 
3.22 
1.65 
1.18 
1.12 


0.88 

0.97 * 

1.78 

2.20 

3.75 

5.82 

2.68 

8.96 

3.09 

2.08 

1.17 

0.72 


1.07 
1.00 
1.56 
1.89 


^^.:::::.::, 


3.28 


June 

July 


4.13 
. 3.07 


August 

September 

October 

November 

December 


3.58 
8.25 
1.68 
1.89 
0.92 


Mean 


25.89 


27.31 


25.81 


25.09 
29.05 


26.41 



The River System. 



All of the southern and central portions and a large area of the 
northern part of Minnesota are drained by the Mississippi river 
and its tributaries. 

In the northwestern part of the State the Red river valley vfhich 
is drained by the Red river and its affluents comprises in Minne- 
nesota an area of over 13,176 square miles. 

The drainage is toward the north. The Red River flows into 
Lake Winnipeg, the outlet of which is the Nelson river, which 
flnds the ocean through Hudson^s bay. 

All of the most northern streams tributary to the Rainy Lake 
river and the system of lakes on the boundary line between the 
United States and Canada belong also to the Red river system and 
finds the ocean level at Hudson^s Bay. 

This portion of the State has not yet been fully surveyed and 
the courses of the streams as well as the size and shape of the 
lakes are not accurately laid down on the maps. 

In the northeastern part of the State a large area estimated at 
about 9,000 square miles is drained by tributaries of Lake Superior. 
The principal river of this region is the St. Louis, which enters 
the Lake at Duluth. 

As Lake Superior in common with other great lakes finds its 
outlet to the sea through the river St. Lawrence, the whole yast 
system of lakes and rivers affluent to the St. Lawrence have re- 
ceived the the name of the St. Lawrence system. 
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The area drained by the Mississippi and its branches comprises 
all the remaining portion of the State except a small tract in the 
southwestern corner including Rock and Pipestone countres whose 
streams flow into the Missouri. But as these in common with the 
Mississippi waters find the ocean level in the Gulf of Mexico they 
may be considered in the same hydrographic basin. Thus it ap- 
pears that the river system in our State is threefold: 1. The 
Mississippi river system. 2. The St. Lawrence river system. 3. 
The Red river and Rainy Lake system. 

Among the great rivers of the world the Mississippi takes the 
first rank. Its position and offices are continental as those of no 
other river are. 

Its branches (stretch from the forty-ninth parallel of latitude 
— the northern boundary of the United States — to the Gulf of 
Mexico and from the summit and crown of the Rocky Mountains, 
in northern Montana to the western slope of the Appalachian range 
in Virginia. This magnificent basin is the seat of an empire 
whose resources have only begun to be developed. About midway 
between the eastern aud western limits of this great valley are the 
sources of the mighty river whose arms grasp the continent. 
Among the clear, bright lakes of Minnesota, on the highest lands 
between the Arctic ocean aud the Gulf of Mexico, the Mississippi 
begins its course. 

Within the limits of our State the Mississippi grows from a rill 
sixten feet wide and fouteen inches deep, to a great river, half a 
mile vride and from 5 to 20 feet deep. It assumes within our bor- 
ders its well-known character of the ''Father of waters." 

Let us now proceed to Lake Itasca and observe the physical as- 
pects of the river as it appears to a voyager who descends its cur- 
rent from its ultimate source to the point where it passes beyond 
the southern boundary of our State. 

When we consider the influence the Mississippi had, not only on 
the imagination of early explorers but also at a later date on the 
development of the cities and States adjacent, we cannot wonder 
at the enthusiasm evinced to discover and describe its utmost 
source and to explore the impenetrable and trackless wilderness 
which shrouded in its mysterious silence the origin of the great 
river. It was the same sort of enthusiasm which has prompted so 
may expeditions in search of the sources of the Nile. The discov- 
ery of the source of the Mississippi, although attended by some 
difficulties and hardships, was a comparatively easy task. 

The first white man who is known to have visited Lake Itasca 
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was W. Morrisson, an Indian trader and explorer. He first saw the^^ 
lake in 1804. 

In 1820 Mr. H. R. Schoolcraft made a memoriable expedition to 
the head waters of the Mississippi and proceeded as far as Casa 
Lake which he named for Lewis Cass then QoYernor of Michigan^ 
From this point Schoolcraft turned back, but in 1832 in a second 
journey he pushed on to Lake Itasca and camped on the little^ 
Island in the lake which bears his name. 

The next visitor who has left any public record of his expedi-^. 
tion was Nicollet the French scientist whose name is a household 
word in Minnesota, since a county, a township, a lake, a railroad, 
station, a hotel, a street in Minneapolis and an island are* 
named for him. 

Nicollet explored Lake Itasca in 1836. His description is so, 
vigorous and charming that I transcribe a portion of it: 

"The Mississippi holds its own from its very origin; for it is not 
necessary to suppose as has been done, that Lake Itasca may be* 
supplied with (invisible sources to justify the character of a re-, 
markable stream which it assumes at its issue from this lake. 

There are five creeks that fall into it, formed by innumerable- 
streamlets oozing from the clay-beds at the bases of the hills that, 
consist of an accumulation of sand gravel and clay intermixed, 
with erratic fragments; being a more prominent portion of the 
great erratic deposit previously described, and which here is known 
by the name of "Hautes des Terres'' heights of land. Now of* 
the five creeks that empty into Itasca Lake, one empties into the^ 
east bay of the lake, the four others into the west bay. I visited 
the whole of them; and among the latter there is one remarkable 
above the others inasmuch as its course is longer, and its waters, 
more abundant: so that in obedience to the geographical rule 
"that the sources of a river are those which are most distant from, 
its mouth" this creek is truly the infant Mississippi, all others be- 
low its feeders and tributaries. 

"The day on which I explored this principal creek (August 29;. 
1836) I judged that at its entrance into Itasca Lake jits bed was. 
16 to 20 feet wide and the depth of water from 2 to 3 feet. We 
stemmed its pretty brisk current during ten or twenty minutes,, 
but the obstructions occasioned by the fall of trees compelled us. 
to abandon the canoe and seek its springs on foot along the hills.. 
After a walk of three miles during which we took care not to lose 
sight of the Mississippi my guides informed me that it was better 
to descend into the trough of the valley; when, accordingly, we* 
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found numberless streamlets oozing from the basis of the hills 
The temperature obtained at a great number of places by the ther- 
mometer in the mud whence these springs arose, was always be- 
tween 43® 5 min. and 44® 2 min. Fah., that of the air being be- 
tween 63® and 70 . 

Having taken great pains in determining the temperature, I 
Jiave a right to believe that it represents pretty accurately the 
imean annual temperatures of the country under examination. 

As a further description of these head-waters I may add that 
ihey unite at a small distance from the hills whence they originate 
and form a small lake from which the Mississippi flows with a 
Ijreadth of a foot and a half and a depth of one foot. At no great 
distance, however, this outlet uniting itself with other streamlets 
•coming from other directions supplies Ja second minor lake, the 
w^aters of which have already acquired a temperature of 48® Fah. 
From this lake issues a rivulet necessarily increases importance — 
.a'cradles Hercules giving promise of the strength of his maturity, 
for its velocity has increased; it transport the smaller branches of 
irees; it begins to form sand-bars; its bends are more decided un- 
til it subsides again into the basin of a third lake somewhat larger 
than the two preceding. Having here acquired renewed vigor and 
tried its consequence upon an additional length of two or three 
miles it finally empties into Itasca Laka, which is the principal 
jreservoir of all the sources to which it owes all its subsequent 
majesty." ^ 

Lake Itasca. 

The lake which is the acknowledged source of the llississippi 
river, is in no way remarkble. Not unlike some historical move- 
ments, whose beginnings are obscure, this|[river which becomes a 
marked feature of the continent, has a humble origin. 

Itasca lake lies on the northeast corner of T. 143, N. range 36, 
W. 5th meridian. 

It is quite small. Its total length does not exceed five miles. 
It is from a quarter to half a mile wide. The lake consists of two 
arms of unequal length uniting in a third arm which, however, is 
no larger or longer than the others.QThe longest arm extends to 
the southeast about two and a half miles. The shorter arm ex- 
tends to the^ southwest and isj about a mile long. The third 
arm extends north from the point where the two arms already 
mentioned unite, and is about two milesilong. 
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The inlets of the lake are on the shorter or southwest arm' 
There are five of them. They are small streams draining the 
swamps and springs in the vicinity. Less than a quarter of a mile 
south of the southwest arm is a little lake called Elk lake [t has 
an area of about 200 acres. It is a mile long and half a mile wide 
It 18 a tributary of Itasca lake through a small creek which con- 
nects them. Elk lake has two or three small streams flowing into 
S t ^™f ^''f '""**•• '^^^ principal stream tributary to Itasca lake 
f du-ectly, also flows from the south and is three or four miles in 
length. It IS rather a refinement of exactness to call Elk 1-ike 
as some explorers have, the ultimate source of the Mississippi' 
Itasca lake has been in possession of the honor so Ion- that its 
claim ought not to be disputed, and certainlv it is sufficiently mi 
nute, remote and sylvan to answer all the req.iirements of an ideal 
source. The area of Itasca lake is about 1125 acres, or notguite 
two square miles of water. Its depth varies from ten to twentv- 
nve feet. •' 

The temperature of the water i.i August was 62^ Fah at the 

11 . ^f "rpT '^ ^- ^^'''' '''' ^'"'^''^^y °« -springs in the 
lake Itself. The water, however, is clear and wholeSn.e A 

dense forest of mixed hardwood and pine trees surrounds the lake 
The immediate shores are not high, although back a short distance 
the sand ndges and hills rise in some places 120 feet from the lake 
^umg from Lake Itasca in a stream U inches deep and 16 feet 
wide the infant Mississippi flows nearly due north for twentv or 
wenty-five miles. Its banks are low. and for some distance [on 
e ther side adjacent lands are swamps. Fallen trees and floodwood 
at fi«t somewhat obstruct the channel. There are several small 
tnbutanes m the first fifty miles, and the river gradually becomes 
broader and deeper. " ► 

About twenty-five miles (fourteen miles in a straight line) north 
of Lake Itasca, the nver makes a bend to the ea«t and continues to 
flow m a general easterly course as f,u- as the outlet of Lake Win- 
nebigosis. a distance of fifty-four miles in a straight line and 
nearly twice as far by water. 

Lakf Femidji or -'Lni; TraKem." 

s^T^T7^ "f f ^ ^"''' **'""'J^ *^^ "^•^'- ^"^ through a 

small lake, the first on ifcs course, named Lake Marquette Pern- .. PorSofp 

idn. or '• r,o/> Ti-ov-^vc " ^t 11. II. •^«"4uci,w;. x-em- mzedby vjOOy LC 

Ji, •"•^^J.ac 1 ravers of the early fur traders, is a beautiful ^ 
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large sheet of water about seven miles long by two or three miles 
wide. Its waters are clear and pure. It has no islands. Its depths 
range from 12 to 40 feet. 

On issuing from Lake Pemidji the river is 150 feet wide and it 
continues to maintain a breadth of 110 to 150 feet till it reaches 
Lake Cass. Its depth varies from two to six fee. For the first 15 
or 20 miles below Lake Pemidji the river flows over numerous 
granitic boulders causing rapids. The current is quite swift and 
strong. 

Cass Lake. 

The river enters Cass Lake on the west side about midway be- 
tween its northern and southern limits. The lake is a large one 
and has many bays and islands. It covers an area of about 31 6-10 
square miles. It is longest from north to south. Including Pike 
fiay its length is not less than twelve miles. 

The surrounding country is a forest of elm, maple and pine. 

This was the furthest point reached by Mr. Schoolcraft in the 
expedition of 1810. The lake was then named Lake '^Cassina^' and 
it was regarded for a time as the source of the Mississippi 

The river where it leaves Cass Lake in township 146, range 30, 
has a width of 172 feet and is 8 feet deep. Its banks are 10 to 12 
feet high. Between Cass Lake and Lake Winnebigoshish the river 
has a narrow flood plain. A short distance back from the water 
there is a bench of higher land supporting a fine growth of pines. 
The distance between these two lakes in a direct line is only ten 
miles. Following the course of the river it is about 20 miles. 
The most attractive country near the head waters of the Missis- 
sippi is between and around these lakes. 

Lake Winnebigoshish, 

This lake — the second in size in this region — has an area of sev- 
enty-eight and a half square miles. It is eight miles wide by 
about twelve miles long from north to south. The river enters on 
the southwestern side and leaves it at the northeast comer. 

Unlike most of the lakes in this part of the State, the waters of 
Winnebigoshish are not clear and translucent. The Indian name, 
it is said, signifies "turbid water". For some distance out from 
the shores the lake is very shallow and this fact taken in connec- 
tion with the clay bottom accounts for the yellowish white aspect 
of the water. The stifif blue clay called "till" underlies,>at the j 
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<iepth of a few feet, the sand and other superficial deposits which 
cover the surface of the country. Aside from the Mississippi it 
has three inlets called Turtle river, Round Lake river and Thorn- 
berry river. By natives and traders in the vicinity, this lake is 
call^ Winnepeg. On leaving Lake Winnebigoshish the river 
bends to the southwest. After passing through a small l^e called 
Little Winnebigoshish the river is very tortuous; the banks are 
low and marshy. The distance from Lake Winnebigoshish to 
Pokegama Falls is about 65 miles. About 20 miles below the lake 
the Leech Lake river enters from the west. The river continues 
to wind through a vast marsh where there is a dense growth of 
.grass, reeds and wild rice. This marsh is about three miles wide 
beyond which are sandy ridges with a sparing growth of pines. 
The current of the river is sluggish. The fall from Winne- 
l>ig08hiBh to Pokegama falls is but 23 feet. This whole country 
^above Pokegama falls is a great watery plateau, lakes abound in 
*every direction. The difference in level is very slight. Immense 
swamps adjoin these lakes and retain the rainfall so that sudden 
rise and fall in the lakes and streams is impossible. 

Leech Lake and Leech Lake River, 

The principal tributary to the Mississippi above Pokegama falls 
IS the Leech Lake river, which is the outlet of Leech Lake. It is 35 
miles long. It is situated in the northern part of Cass county. 
Its northern limit is only five or six miles south of Lake Winne- 
"bigoshish. It drains a large extent of country; four large streams 
and eight smaller ones flow into it; the water is pure and 
wholesome; its greatest depths are in the southwest bay, varying 
from 60 to 100 feet. The bays generally are shallow, varying 
from 6 to 10 feet in depth. The main body of the lake is from 
10 to 13 feet deep. The extreme range between high and low 
water is 1.7 feet. 

The western and southern shores are high and bold. On the 
■northern side there are more marshes and the shores are lower. 
Evidences of a former higher stage of water are abundant. The 
old shore line incloses marshes which, owing to the growth and 
decay of wild rice, rushes and other acquatic plants are constantly 
encroaching on the lake and diminishing the area of water. 
Along the bold shores, and all points where the action of ice 
and waves has not been impeded, there are walls of bowlders, 
These are mainly crystallized rocks, either granite or gneiss. 
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Forest Trees. 

The forest about Leech lake consists chiefly of pine. The spe- 
cies Pinus strobus^ white pine, and F. resinosa. Red or Norway 
pine, predominate. The balsam fir, Abies bahamea, the tamarack 
Larix Ainericana, the white cedar, Thuja occidentalism occupy the 
swamp and low lands. The birch, poplar and maple among^ 
deciduous trees are found in places on the uplands among the pines^ 

Leech lake has three or four islands. The largest is Bear island 
and is about three miles long. There is a great variety of shore. 
There are deep bays, and long wooded points, producing a pictur-^ 
esque intermingling of land and water. (Leech lake might be rais- 
ed two feet without injury to any adjacent shore.) 

Fokeijama Falls, 

From the mouth of Leech Lake river to Pokegama Falls, a dis- 
tance of 45 miles, the Mississippi continues to wind through a 
great morass. The current is slow, owing to the tortuous course 
of the river and the very slight slope; the fall is only 13| feet in 
the 45 miles. At Pokegama Falls the river plunges over the 
first exposure of rock seen in descending its course. It is a 
quartzyte or metamorphic sandstone formation bearing N. E. and 
S. W. There is no perpendicuhu- fall of the river here, but 
through a narrow chute the river rushes with great velocity, 
falling 14 feet in a distance of 880 feet. The altitude of Poke- 
gama falls — head of falls — above the sea is 1266.71 feet. 

The exposure of quartzyte seen at Pokegama falls is more finely 
displayed on the Prairie river, a tributary which enters the Missis- 
sippi from the east, two or three miles below the falls. 

Below Pokegama falls are the Grand Rapids. There is no rock 
in place here, but the channel is obstructed by bowlders, over 
which the water rushes, falling five feet in a distance of 1750 feet. 
Grand Rapids is the head of navigation on the upper Mississippi. 

A notable change in the aspect of the river and the adjacent 
country occurs below the falls. Some outlines of a valley appear; 
there are bottom lands covered with elm, ash, birch, basswood and 
spruce trees, while beyond are higher ridges and levels on which 
the pine finds a congenial habitat. 

The banks of the river are generally higher than above the falls,, 
and the slope averages six inches to the mile as far down as the 

mouth of the Mud river, near Aitken, on N. P. R. R. The river 
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18 very crooked, but its general direction below the falls is first 
southeast, then south and southwest to Aitken. It is 150 miles 
hy river from the falls to Aitken. The area of the water-shed of 
the river in this distance is 2,500 sq. miles. 

The principal tributaries between Pokegama falls and Aitken 
-are : 

On the east bank, in descending order: Prairie, Wild Swan, 
Sandy Lake, Rice and Mud rivers. 

On the west side are: Split-Hand? and Willow. 

A brief notice of these rivers is all that can be allowed in this 
4;hapter. 

Prairie River, 

The Prairie river has its sources in the innumerable small lakes 
.and marshes north of Pokegama Falls. It has a swift, strong cur- 
rent, and in time of high water brings down a large volume to 
-swell the Mississippi, which it enters about three miles below 
Pokegama falls. 

The Wild Swan River, 

The Swan river rises in Swan Lake or rather in the tributaries 
of that lake, and flowing in a southerly direction parallel with 
the Mississippi for 25 or 30 miles, finally bends to the west near its 
month and enters the Mississippi about midway between Grand 
Rapids and the outlet of Sandy lake, in Tp. 52, R. 13. 

Sandy Lake River. 

Sandy Lake river is the outlet of Sandy lake, 86 miles below 
<}rand rapids. The lake has several important affluents. The 
Sandy river flows into the lake from the south. The N. P. R. R. 
passes on its head-waters between Kimberlv and Island lake sta- 
tions. In the early history of the northwest this lake had consid- 
-erable celebrity as a trading post. 

Rice River, 

Rice river rises in Rice Lake, and the watershed east of Mille- 
Lac which divides the waters flowing into St. Crois from those of C^ nna]c> 

the Mississippi. It enters the river north of Aitken. ""^""^"^ by VaUUgie 
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Mud River, 

The Mud River has its head-waters in the region near the 
northern end of Mille Lac. Its general course is north. 

Willow River, 

Willow River is the largest of these affluents. Its sources are 
southwest of Pokegama Falls. It drains a large territory covered 
with a dense growth of pines. Its general course is south and 
parallel with the Mississippi which it enters about 125 miles below 
Grand Rapids. 

In connection with this description of the physical features of 
the upper Mississippi, some account of the proposed "reservoir 
system" seems appropriate. 

According to the "Report of the Chief of Engineers" for 1879 
it is proposed to construct drains for the purpose of restraining 
and storing the waters of the Mississippi at the following named 
points: outlet of Lake Winnebigoshish; outlet of Leech Lake; Miss- 
issippi river below Vermillion river; Mississippi river at the head 
of Pokegama Falls. 

In addition to these dams are proposed on Pine river and at 
QuU Lake. In estimating the effect of the reservoirs on the river 
the last two are not taken into account. 

The area and storage capacity of the four reservoirs above- 
Pokegama Falls is stated as follows: 

1. The dam at the outlet of Lake Winnebigoshish is to be U 
feet high and 1,114 feet long. This would pond the water up 
through the Mississippi river into Cass Lake. 

Reservoir capacity, 45,754,204,380 cu. ft. 
Area of reservoir surface, 4, 312,701,360 sq. ft. 
Aree of the basin of supply, 527,459,328,800 sq. ft. 

2. The dam at the outlet of Leech Lake is to be 4 feet high 
and 3,300 feet long. 

Reservoir capacity, 22,567,564,800 cu. ft. 
Area of reservoir surface, 6,091,430,400 sq. ft. 
Area of basin of supply, 27,906,278,400 sq. ft. 

3. The dam on Leech Lake River below Mud Lake is to be ft 
feet high and 1000 feet long. 

Reservoir capacity, 9,885,414,400 cu. ft. 

Area of reservoir surface, 480,902,400 sq. ft, ^ t 

Area of basin of supply, 4,460,544,000 sq. ft. Digitized by V^OOgl( 
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4. The dam bn the Mississippi river below the mouth of the 
Vermillion river is to be 10 feet high and 2,300 feet long. 

Reservoir capacity, 5,770,823,800 cu. ft. 
Area of reservoir surface, 961,804,800 sq. ft. 
Area of supply basin, 12,071,346,800 sq. ft. 

5. The dam at Pokegama Falls is to be 7 feet high and 400 
feet long. 

The total available supply of water from these five reservoirs is 
computed in round numbers to be 70,000,000,000 cubic feet. This 
would furnish for a period of 120 days, between the first of July 
and the first of November, a supply of 6,750 cubic feet per second, 
in the river below the falls. The low water flow at St. Paul, 
where a continuous record of gauge-readings has been kept since 
1872, is 5,800 cubic feet per second. In October 1878 the measured 
discharge at St. Paul was 6,150 cubic feet per second. Adding 
the reservoir supply to the low water discharge, we get as a result 
a steady flow of 12 to 13,000 cubic feet per second, past St. Paul 
during the low water season between July and November. 

It is proposed to shut off the entire Mississippi between Decem- 
ber first and July first and store the low water discharge as well as 
rainfall during that period. It is believed that early spring navi- 
gation between Aitken and Grand Rapids would not be injuriously 
affected by this retention of the water above Pokegama Falls, 
inasmuch as the area of the Mississippi basin between Pokegama 
and Aitken is 2,500 square miles, and there are several important 
affluents, already described in this distance. It is thought there- 
fore that previous to July first the Mississippi below Pokegama 
will have sufficient water for navigation without the flow that 
naturally comes over the falls. 

The data for computing the amount of surplus water in the res- 
ervoirs on the first of July, may require modification. It is as- 
sumed that the mean annual rainfall for the upper Ifississippi 
basin is 25 inches and that about one-third of this, or 0.7 ft., finds 
its way into the streams and rivers. The amount lost by evapora- 
tion is at present unknown. The amount which will be absorbed 
by the overflowed lands can only be determined by experiment. 

Notwithstanding these and other obscure and doubtful elements 
in the problem, it appears reasonable that a sufficient amount of 
water can be stored to give the Mississippi at St. Paul a steady 
flow during the dry season of 10 to 13,000 cubic feet per second. 
This would be a great gain both to commerce and manufactures in —^ * - 
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Pine River. 

I 

The only other important affluent of the Mississippi above 
Brainerd is the Pine river which forms the outlet of a chain of 
lakes of which Whitefish and Cross lakes are the largest. Pine 
river drains an area of about 600 sq. miles. Its general direction 
is east and south; it enters the river about midway between Aitken 
and Brainerd. The general course of the Mississippi between 
these points is west. The pine river, therefore, enters from the 
north. It is a rapid stream. Its measured low water volume was 
782 cu. ft. per second. 

In this stretch of the river there three notable rapids. 

1. Big Eddy Rapids, where the fall is 5.15 ft. per mile for half 
a mile. 

2. Island Rapids, which are 3000 feet long and the slope 4.62 
ft. per mile for the first 800 feet. 

3. French Rapids, about 400 feet long and the slope averages 
about 6 ft. per mile. 

Sonae conception of the volume of the river in this upper rigion 
may be derived from noting the discharge in cubic feet per second 
at various points of observation on the river. The following table 
is from report of chief of engineers U. S. A., 1879. 

DISCHARGE OF THE MISSISSIPPI RIVER. 



Date. 



Station. 



I 



1874. 

Sept. 8.. 
Aug. 22.; 
Sept. 26.. 
Oct. 12.. 
Oct. 15... 
Oct. 20... 
Oct. 27... 
Nov. 3... 

1878. 

Oet. 14... 
Oct. 21... 

1876. 

May 26... 
May 31... 
June 3... 

1876. 

May 13... 
May 15... 
May 20... 
June 7... 
June 16... 
Jusy 16... 
July 19... 



Above Cass Lake 

Below Caas Lake 

Below function of Leach Lake River.. 

Above rokegama Falls 

Below Grand Rapids 

Below Swan River 

Below Sand Lake RiAer 

Below WiHow River 



Below Lake Winnebigoshisb 

Below junction Leach Lake River. 



Brainerd. 
Brainerd. 
Brainerd. 



Sauk Rapids. 
Sauk Rapids. 
Sauk Rapids. 
Sauk Rapids., 
Sauk Rapids.. 
Sauk Rapids. 
Sauk Rapids. 



Height above 
low water. 



Mean H. TV. 
1.866 
3.931 
2.660 

Mean H. W. 

Mean H. W. 

Mean H. W. 

Mean H. W. 



Mean L. W. 
Mean L.W, 



Discharge in 

cubic feet per 

second. 



8.60 
8.46 
9.06 



6.36 
6.24 
6.17 
8.00 
6.60 
2.38 
2.16 



617 
891 
1,968 
2,474 
2,626 
2,969 

3,784 



641 
909 



13,084 
13,082 
13,444 



22,084 
22,700 
2M99 
30,936 
34.668 
8,336 
7,531 
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The Minnesota River. 

A small stream about twenty feet wide and from one to two 
feet deep, enters Brown's Valley one mile below Lake Traverse 
from the northwest, and after making several bends, empties its 
waters into Big Stone Lake. This stream is the Minnesota river 
at its beginning. It drains the uplands that stretch away to the 
conteau northwestward from Big Stone Lake. It has several 
.a£9uents, and drains an area of 810 square miles. 

Brown's Valley is about five miles long, and from one two miles 
■wide. The valley is nearly level and is elevated, in general, from 
15 to 20 feet above the lakes on either side. Its soil, gravel-ridges 
And sloughs give evidence that it was *onee the bed of a great 
river. At present it is dry. except times of very high water, when 
the infant Minnesota overflows its banks, and the lakes are raised 
to the high water level. In these circumstances the sloughs and 
marshes are filled, and there is a water connection through them 
between Lac Traven? and Big Stone. 

This connection is, however, only temporary and incidental. The 
outlet of Lac Traverse is through the Bois de Sioux into the Red 
River of the North. The elevation above the sea is 1000 feet, 
while that of Big Stone is 992, making a difference of 8 feet. 
But the filling up of Brown's Valley with alluvium and silt of the 
old river has constituted here a "divide'' or water-parting, so that 
Lac Travers has become a part of the Hudson's Bay system, while 
Big Stone remains loyal to the Mississippi. 

Big Stone Lake (Inyan Tonka) is so named on account of the 
exposure of granite about one and a half miles below the outlet of 
the lake, where the rock outcrops in large round and glaciated 
masses, which rise, in some instances, from 40 to 60 feet'above the 
river. The lake is about 26 miles long, and from a mile to a mile 
and a half wide. Its greatest depth is abovt 30 feet. Its basin is the 
trough excavated by a glacial river which formerly drained the 
Red River valley. Gen. Warren and others have suggested that 
the silting up of the valley just below the lake, at the mouth of 
the Whetstone, by the sediment brought down by that tributary 
may accoimt for the existence of Big S*one Lake. 

The blufls which enclose the whole valley on both sides are here 
from 125 to 150 feet high. The descent is gradual at some points, 
abrupt at others; or they rise from the lake shore almost perpen- 
dicular to it, for 40 or 50 feet, and then slope away to the summit. 

The shores are wooded, and walled with boulders. There are sev- ^ ^ t 
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eral small streams entering the lake through deep ravines. At the 
lower end are several wooded islands; the largest (Chamberline's) 
contains about 125 acres. Another, called "Paradise Island" 
contains about 70 acres. Ortonville and Big Stone City are situated 
at the foot of the lake. At the outlet of the lake, the Minnesota 
is about 20 feet wide and flows through a marsh which extends 
between the bluffs for a distance of two miles. 

The general course of the river is southeast, until at Mankato it 
bends to the northeast and continues in that course till it reaches 
its junction with the Mississippi at Fort Snelling. The first tribu- 
tary to the Minnesota below the lake is the Whetstone (Izuzu) 
which enters the valley through a deep ravine on the west or right- 
hand side. It has its sources near the Dakota Coteau and is about 
25 feet wide at its mouth. In low water its depth is 2 to 3 feet 
rising, in freshets, to 8 and 10 feet.. Its area of watershed is 110 
sq. mi. Below the Whetstone the valley is about a mile and a 
half wide while the river is less than 50 feet wide. Ledges of 
granite and granite boulders are numerous in the hollow lands. 

The Yellow Earth River {Mankareoza) 

is sometimes called the Yellow Bank. The Indians also called it 
Chra Wakon spirit mound on account of a hill near its source. 
At its confluence with the Minnesota it is about 25 feet wide. 
It has its source near the coteau and its course is among gravelly 
hills and ridged in the western townships of Lac qui Parle county. 
Its waters comprises about 340 square miles. 

Proceeding down the river some three or four miles below the 
Yellow Earth, we come to a broad marsh about one mile wide and 
four miles long. The valley of the Minnesota at this point is 2\ 
miles wide, whilethe river is from 50 to 60 feet wide. 

The Pmnme de Terre (Tipsina) 

river has its sources in Turtle Lakes, Wall lakes and Eagle lake in 
Otter Tail county. 

Its course is almost directly south and it drains an area of about 
1000 square miles. It enters the Minnesota valley on the left 
through a deep ravine, and has brought into it a vast amount of 
sediment, which has probably caused the existence of the marshy 
lake before described, above its mouth. At its confluence with the 
Minnesota the Pomme de Terre is 35 feet wide.L^ig^^tj^^iupgj^Qlg 
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twenty miles below the outlet of the lake the Minnesota has a 
volume of 42 cubic feet per second in low water. 

Lac qui Parle, or the Lake that Talks, 

The name is said to be a translation of a Dakota word, signifying 
echoes. Others hold that the name was given by French^ traders 
on account of the resounding of waves on a rocky point of the 
shore. 

The lake is an expansion of the Mmnesota River, caused by the 
barrier of sand and silt which has been brought into the valley 
by the Lac qui Parle River. It is eight miles long. Its width va- 
ries from one-half to three-fourths of a mile. Its greatest depth 
is about 12 feet. At the upper end of the lake are extensive marsh- 
es and there is considerable low, wet land about the lake, which 
is flooded in seasons of high water. Oranite exposures occur on 
the south side and near the foot of the lake there is a low outcrop 
on both sides which is submerged except during the dry season. 

Lac qui Parle (Intpah) River. 

It is said that the Indians gave this river the name Cha Intpahy 
signifying the last wooded stream. It is the last in ascending the 
river which had timber on its banks in any considerable amount. 
The river enters the Minnesota Valley on the right bank just 
below the foot of the lake. 

The Lac qui Parle River is an important affluent. It drains an 
area of 830 square miles in Lac qui Parle and the western part of 
Yellow Medicine counties. Its sources are among the hills and 
ridges on the western boundary of the State in Canby and Lincoln 
counties. 

Its general course is north and northeast. Its valley varies 
from an eighth to a fourth of a mile wide, and it has a fall of six 
to eight feet per mile. In the season of high water it pours a 
large quantity of gravel and silt into the Minnesota which has 
probably occasioned the existence of the lake by filling up the 
valley and thus causing a banner opposite the mouth of the Lac 
qui Parle River. The valley of the Minnesota is only one and a 
half miles wide, and there is an island dividing the ancient channel. 
The Minnesota flows through the right channel; the Chippewa 
comes into the left channel and joins the Minnesota at the foot of 
the island 12 miles below the lake. uigmzea by vjOOQIC 
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The Chippewa River 

has its headwaters in the small lakes in the northern part of 
Douglas county. The sources of the Chippewa are 80 miles in a 
direct line from its mouth. It drains an area of 2,000 square 
miles, comprising some of the most fertile and productive lands in 
the state. Its watershed includes the western part of Douglas, all 
of Pope and a large share of Swift and Chippewa counties. 

Two branches unite near Benson to form the main river. The 
west branch is the larger and has its source in the north part of 
Douglas county. The east branch has its sources in the eastern 
part of Pope county. The country drained by these branches is 
rolling and hilly. It is the morainic deposit described elsewhere. 
The river descends more than 400 feet from its source to its con- 
fluence with the Minnesota. In the western part of Douglas county, 
St. P., M. & M. R. R. crossing, the elevation of the river is 1839 
feet above the sea. At Benson the elevation is 1021 feet. At its 
junction with the Minnesota 939 feet, showing a fall of 400 feet. 

The valley of the Chippewa, like that of the Minnesota, appears 
to have been the course along which a glacial river, issuing from 
the retreating ice-fields, poured its floods of water. The valley is 
often from a fourth of a mile to a mile wide, and could not have 
been eroded by the river as it now is. 

Ten miles below the Chippewa the Minnesota valley become 
much narrower. The river itself is about 100 feet wide and there 
are numerous outcrops of granite, a succession of reefe over which 
the water flows with rapid current. This is one of the mast 
interesting points in the valley. The granite masses rise from 30 
to 75 feet in height and are a picturesque relief to the eye. The 
head of the rapids is in T. 116, R. 30, sec. 20. The distance from 
this point to the foot of Minnesota Falls is 5.38 miles and the 
total fall in the distance is 49.78 feet. Here are located the 
thriving towns of Granite Falls and Minnesota Falls with their 
valuable water-powers. The river makes several sharp bends 
within the valley, but the general southeast course remains un- 
altered. 

The Yellow Medicine 

Enters the Minnesota 20 miles below the Chippewa. Its sources 
are among the hills and basins of Lincoln county. It drains parts 
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of Lincoln, Lyon and Yellow Medicine, an area altogether of 650 
square miles. Its general course is north of east. 

At the junction of the Yellow Medicine and Minnesota on the 
bluflfs overlooking the valley, was located the upper Sioux agency, 
famous in the earlier history of the state, ixnd the scene of a terri- 
ble tragedy in the Indian outbreak in 1862. 

The volume of water in this river is variable. The high water 
marks indicate that it rises 10 or 12 feet above its low water level. 



Hawk Creek (Chetomha), 

Half a mile below the mouth of the Yellow Medicine Hawk 
Creek enters the Minnesota from the north. Its sources are in 
the southwestern part of Kandiyohi and it drains also parts of 
Chippewa and Renville counties, an area of about 470 square 
miles. It has eroded a deep channel through the bluffs. 

From the foot of Minnesota falls to the mouth of the Yellow 
Medicine river, the distance is about 4^ miles, and to the mouth of 
the Redwood it is 25 miles. There are two sets of rapids where 
le<lges of gneiss occur. The first is called Patterson's rapids, and 
four miles below these are Brown's rapids. The average slope of 
the river along this part of its course is a little over 2 feet to the 
mile. Several small streams from the river below Hawk creek, 
Rice creek, Boiling Springs creek and Sacred Heart creek. The 
high water mark of the Minnesota above the Redwood is 24 feet 
above the low water level. The measured discharge of the river 
in low water, was 217 cu. ft., per second. 

The Redwood River, 

The Redwood has its sources hi the western part of Lyon coun- 
ty, in the same hilly region from which the Cottonwood and Yel- 
low Medicine descend. Its general course is east, and parallel 
with the rivers first named. It drains an area of 770 square miles, 
lying in Lyon and Redwood counties. 

The gorge at Redwood Falls is two miles long. The river has 
worn its way down into the granite, and falls a hundred feet in 
half a mile. The total fall from the top of Cook's milldam to the 
Minnesota river is 125 feet. The water powers here are valuable, 
and the place is unsurpassed by anything in the State for its wild ^ * 

and picturesque bcniuty. ^,g,^,^^^ ^^ GoO^(^ 
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Beaver Creek 

Enters the Minnesota three miles below the Redwood, from the 
north. It is 30 feet wide at its mouth. It drains an area of 240 
square miles in Renville county. From the Redwood to the Big 
Cottonwood the distance is about 40 miles, and the fall of the river 
35.75 feet. 

The river averages 150 feet in width, while the valley varies 
from a mile to a mile and a half wide. The low water discharge 
of the river at Ft. Ridgely which is situated about half way be- 
tween the affluents above named, was found to be 253 cubic feet 
per second, and just above the Cottonwood, 807 cu. ft. per second. 
As the granites and gneisses of this valley are described and 
classified in another chapter, no attempt is made to recount their 
appearance, and characteristics here, although they constantly 
form a very striking and picturesque feature of the scenery. The 
last exposures of these rocks seen in descending the river, is about 
four miles below Ft. Ridgley. 

The Cottonwood River, (Waraju) 

Its numerous sources are chiefly in Lyon county. Its general 
course is east. It drains an area of 980 square miles in Lyon, 
Redwood, Brown and Cottonwood counties. Its confluence with 
the Minnesota is three mile below New XJlm, where it is 120 feet 
wide. The volume of water varies with the season. In times of 
freshet it rises 10 feet or more above low-water, and pours a rapid 
flood into the main river. 

The Blue Earth River ^ 

is the largest tributary to the Minnesota. It has many branches; 
some of them nearly or quite as large as the main stream. There 
is here a remarkable confluence of several rivers flowing from the 
west, south and east, to a common center where they combine and 
discarge their united volume into the Minnesota. The drainage 
basin of this system comprises Watonwan, Martin, Blue Earth, 
Fairbault and Waseca counties. The total area of the watershed 
is 3350 square miles. 

The stream which bears the name of the Blue Earth rises near 
the Iowa boundary line, and its general course is nearly north. 
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Its principal affluents on the west bank named in descending 
order, are the West Fork of the Blue Earth, Badger Creek, South 
Creek, Centre Creek, Elm or Chain Creek, and the Watonwan 
River. These drain Martin and Watonwan counties. The tribu- 
taries of the Blue Earth on the east bank named in descending 
order, are Coon creek. East Fork and Le Sueur river. Of these 
the most important is the Le Sueur,, which joins the Blue Earth 
three miles above its mouth, and and at their confluence is the 
largest stream. 

The Le Sueur has its source in the southern part of Waseca 
county. Its course is north, then west. It makes a rather large 
bend in Blue Earth county, and is joined first by the Cobb river 
then by the Maple river, at a point about six miles south of Man- 
kato. 

The Cobb and Maple rivers have their sources in the northern 
part of Faribault, and flow nearly parallel, in a northerly course, 
till they join the Le Sueur. 

At the mouth of the Blue Earth the Minnesota bends to the 
north, and takes a general northeast course to its junction with 
the Mississippi. The cause of this deflection of its course is ex- 
plained by the geological formations here, as set forth in another 
chapter. Below Mankato the Minnesota has few important tribu- 
taries. Its drainage area is now much more limited. 

The principal affluents, in their order descending the river, are 
the following: The Shanaska, a small stream entering the Minne- 
sota, from the east, at Easota, in Le Sueur county. It is the out- 
let of Lake Washington. It has two water powers. 

Cherry Creek enters the Minnesota from the east at Ottawa. It 
rises in the small lakes in Cleveland and drains an area of about 
60 square miles. 

Little LeSueur creek drains the northern part of LeSueur coun- 
ty, an area of 114 square miles and finds the river at LeSueur. It 
has two small water powers. 

Rush river drains the northeast part of Sibley county, an area 
of 102 square miles and enters the river from the west. 

High Island Creek has its source at High Island Lake or Auburn 
Lake. It drains an area of 75 square miles in northeastern part of 
Sibley county and joins the Minnesota Erom the west. 

Sand Creek drains an area of 234 square miles in Scott county 
and enters the Minnesota from the east near the Little Rapids 
above Chaska. It has three water powers. Carver Creek drains 
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160 square miles in Carver county. Its sources are the lakes of 
Waconia. There are two small water powers. 

Credit river flows north and joins the Minnesota. It drains 140 
square miles in the eastern part of Scott county. It has one water 
power at Hamilton where it unites with the Minnesota. 

Nine Mile creek drains 42 square miles of Hennepin county and 
finds the Minnesota from the west, being the last affluent. 

The Red River of the Sarfh and its Tributaries Abore its Junction 
With the Bois. de Sioux at Breekenridge . 

This is considered by some authorities as a distinct river and is 
called the Otter Tail river. In various reports of the War De- 
partment by engineei-H and others, the Red River is said to have 
its source in Lake Traverse and the Otter Tail river is regarded as 
a tributary. Dr. Owen, in his geological report of Wisconsin, 
. Iowa, and Minnesota makes Otter Tail lake the source of thee Red 
River. H makes no mention whatever of the section of the river 
above OtterTail lake, and remarks of the Bed River which he de- 
scended from Otter Tail lake to Pembina that it was called by the 
Indians -The Otter Tail.'* 

The ultimate sources of this stream are not more than ten or 
twelve miles west of the headwaters of the Mississippi in T. 143^, 
R. 38. There is in this part of the State a rolling, undulating tract, 
generally elevated between 1,500 and 1,600 feet above the sea. 
The hills and ridges rise variously from 25 to 100 feet above the 
intervening lakes. There are numerous swamps and marshes and 
lakelets, and the whole region is nearly forest-covered. Here, 
within a radius of a dozen miles, the Mississippi river, the Red 
river, the Wild Rice river, the Shell river and the Buffalo river 
have their sources. 

There is a small, nameless lake about six miles north of Elbow 
Lake, where the river has its ultimate source. The stream flows 
south and passes through Elbow lake, Many-point lake and Round 
lake in the order named. Its course then trends southwest: it 
passes through Height of Land lake and continues in the same 
general direction some 15 or 18 miles further till it is crossed by 
the N. P. R. R. at Frazee. The course of the river is thence 
southeast as far as Pine lake, and thence south to Otter Tail lake. 
The elevation of the river bed above the sea near Perham is 
1,327 feet. The elevation of Otter Tail lake is 1,825 feet. 

Thus far the river has no clearly marked valley. It flowji^in a t 
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channel eroded by its own agency in the drift. The banks vary 
from 6 to 20 feet high. Sometimes there are swarap-like expan- 
sions at one side or the other of the stream. At other points the 
banks are perpendicular or abrupt and the river has eroded the side 
of a bluflF. But in general the characteristics of the river are those 
simply of a drainage channel, carrying off the surplus waters of the 
region. It is commonly termed the Otter Tail creek above the lake. 
Below Otter Tail lake the Red river assumes a somewhat differ- 
ent character. Having received in the lake itself two important 
affluents, it flows out at the southern extremity a swift, strong 
current between moderately high bluffs. 

The country through which the river winds is exceedingly hilly 
and rough. The morainic deposits are composed of clay, sand and 
gravel, and the river eroding the sides of these hills and bluffs, l)e- 
comes colored by the earthy matter held in suspension, so that it 
is milky or whitish-yellow in appearance. It passes through three 
or four lakes which are little more than expansions of the river 
where the conformation of the surface favored the spreading out 
of the water. Owen finds ten of these lakes, but some of them 
must have disappeared, for at present there are only three or four 
places that can claim that distinction. The descent is quite ap- 
preciable and the current generally rapid. In fairly high water 
the river rushes along with great power, and a ride in a batteau is 
an exhilarating pleasure. The fall from Otter Tail lake to Fergus 
Falls is 144 feet, the elevation at Fergus being 1,181 feet above 
the sea. The general course of the river, as may be seen by a 
glance at the map, is generally southwest, but meantime the wind- 
ings of the channel direct its current toward nearly every point 
of the compass. Its flood-plain as a rule is coextensive with its 
valley, which has been entirely eroded apparently by the present 
river. 

The Lakea 

The lakes of Minnesota form a very conspicuous feature of our 
natural scenery. The traveller from his car window enjoys 
glimpses of their quiet beauty as they lie nestled among the trees 
or shimmering in the sunlight on the broad prairie. Hundreds of 
visitors annually make a pilgrimage to their shady shores to find ^ 

rest and health and recreation. The multitude and variety of 
these fresh water deposits, and the influence they have on the life 
and health of the people call for a more minute description and r^^^ T 

extended notice of them than is usual in works of this kind. uigitized by vjOOg 16 
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Number of Lakes. 

The number of lakes in Minnesota is variously estimated at 
from seven to ten thousand. The latter number is not too high if 
all the lakes in the unsurveyed northern portion of the State are 
reckoned in. In ascertaining the number o^ lakes in a given 
county, one must decide first what shall be included under the 
term " lake." There are broad shallow areas of water some eight 
feet deep, nearly filled with reeds and rushes. There are small 
round or oval depressions in the prairie, having no inlet or outlet^ 
which in this State are included under the general term lake. 

If we embrace everything which land surveyors and map-makers 
have considered of sufficient importance to be delineated on their 
maps, we have a total number of 3759 lakes of all sizes. But the 
region where lakes are most numerous, the northern and north- 
eastern portions of the State, has been only partially surveyed^ 
and there are no accurate maps of the country published. But 
from such information and data as we have, we have no hesi- 
tation in saying that there are within the limits of the State 
more than double the number of lakes already counted. 
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THE LAKES OF. MLNNESOTA AKD THEIB DISTBIBUTION ACCORDIKO 
TO AITDREAS' ATLAS, BJ W. UPHAM. 



COUNTY. 


No. of 
Lakes % 
mi. long or 

longer. 


No. Of 
Lakes less 
than H mi. 

long. 
\ 


COUNTY. 


No. of 
Lakes % 
mi. long or 

longer. 


No. of 
Lakes less 
than % mi. 

long. 


R&mS^y 


36 

66 

39 

11 

29 

49 

21 

23 

33 

60 

33 • 

36 


60 
32 
28 
1 
4 
26 
6 
3 
14 
18 
11 
11 


Isanti 


27 
30 
61 
18 
38 
37 
99 
109 
IM 
16 
6 
4 


1 


Hennepin 


Chisaeo 


10 


Washington 


ToddT:;:::::::.::;: 


13 


Dakota 


Morrison 


5 


Scott 


CrowiWing 


6 


Carver 


Aitkin....; 




Nicollet 


Wriffht 


160 


Brown 


MecKcr 


62 


Blue Earth 


Kandiyohi 


182 


Le Sueur 


Swift 




Cottonwood 


Chippewa. 




Murray 


Lac qui Parle 

Canby 




Pipestone 




Rock 






Yellow Medichie.... 
Lincoln 


7 
39 
17 
18 
16 
43 
36 

2 
43 
16 

1 
113 
176 

It 




Nobles. 


16 
24 
21 

3* 

2 mi. 

2 mi. 


6 
1 

10 
2 

2 1 

2 

2 
16 
31 

7 
11 
12 

6 

6 

9 

U 

126 

2 
3 

40 

7 
2 


9 


Jackson 


Lyon 


3 


Rice 


Redwood 


1 


Goodhue 


Renville 


1 


Wabasha 


Grant 


34 


Winona 


Stevens 


11 


Olmsted 


Traverse 


6 


Dodge 




Big Stone 


15 


Steele 


8 
20 
38 
32 
21 
21 
60 
17 


Clay 


8 


Waseca 


Wifltin 




McLeod 


Becker 


69 


Sibley 


Otter Tail 


98 


Freeborn 


Kittson 




Watonwan 


Marshall 




Martin 


Polk 


6 
7 

43 
181 

36 
8 
6 

13 
122 

61 




Faribault 


Beltrami 




Mower , ,-,.- 


Itasca. 


6 


Fillmore 




Cass 


26 


Houston 


1 
81 

3 
20 

6 
43 
34 
19 


St. Louis 




Steams 


Carlton 




Benton 


Lake 




Sherburne 


Cook 




MiileLacs 


Douglas 


34 


Anoka. 


Pope 


29 


Pine 


Total 




Kanabec 


2167 


1292 



Total of all sizes on Andreas' Atlas, 3760. 

Including the lakes crossed by S. and E. county boundaries ; but not those crossed on 
N. and W. 
*Lake Pepin, &c. ^Besides a mill pond. tL. of Woods. 

Our lakes may be classified according to the character of their 
basins and the causes which have produced them, as follows: 

A. The glacial or drift lakes, which occupy depressions, chiefly 
within the morainic area, between the hills of drift materiaL 
Many of these lakes are very small and have no outlets. This 
class comprises the great majority of our lakes. 

B. The fluviatile or river lakes which occupy basins on the 
course of rivers or within their valleys. Sometimes they are la- 
goons, marking the site of an ancient river-bed; sometimes they 
are enlargements of the river channel. Their number in this 
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State is quite limited. Not infrequently a lake seems to belong to 
both these classes. 

C. Lakes having rock basins, which have been formed (1), by 
erosion, the glacier scooping out the softer rocks and leaving a 
channel or trough which has subsequently been filled by water, or 
(2), by the geological relations of different formations, which are 
tilted or otherwise disposed so as to leavfe a rocky basin. 

The drift or glacial lakes are distinguished from each other in 
respect to the quality of the water. In some, especially those 
without drainage, lying in a clay soil and receiving their supplies 
from the adjacent watershed, the water is alkaline. 

In those lakes, the shores of which are composed chiefly of sand 
and gravel, and which have free drainage, receiving their supplies 
by several 'creeks or inlets, the water is comparatively free from 
alkaline properties. It is the character of the soil which consti- 
tutes the water-sheds of a lake or river that determines the quality 
of the water. In the northeastern portion of the state, which is 
crowded with lakes and no inlets, the water is comparatively free 
from mineral impurities. Sometimes, as in that of the St. Louis 
river, the water is a dark wine color, caused by the leeching of the 
rainfall through spruce and tamarack swamps which the river 
drains. The soil in this region is mainly silicious. As quartz is 
soluble in rainwater, the rainfall comes to the creeks and lakes not 
nearly pure, or colored only by some vegetable extracts. 

The great lacustrine areas of our globe are north of the 45®of 
latitude. Comparatively few important lakes lie south of this par- 
allel in either hemisphere. By reference to the atlas, it may be 
seen that the lake regions of the earth are coextensive with the 
drift regions; that the countries which were once covered by the 
glaciers are the ones which now abound in lakes. Sweden and 
Switzerland, and Scotland and Ireland are examples in Europe. 

In North America, the lacustrine area extends in a broad belt 
from MacKenzie's River southeastward to the Newfoundland. It 
includes the St. Lawrence system and the vast inland seas of Brit- 
ish America, of which so little is known. Although these lakes 
belong to different river-systems, and vary widely in their geologi- 
cal relations, they have, I think, a unity of origin, and serve a sim- 
ilar purpose in the economy of nature. 

Our Minnesota lakes lie on the southern margin of this area. 
There is a fixed relation between them and the morainic deposit in 
which they lie. They are most numerous where the evidences of 
glacial action are most abundant. The position of the gre^t^I^ 
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moraine might be traced from the northern bounkary of the state^ 
south and southeastward through Beltrami, Becker, Ottertail, 
Douglas, Pope, Kandiyohi, Stearns, Wright, Hennepin, Carver and 
LeSueur, and south into Iowa, by the number of lakes which 
adorn the surface of these counties. It should be carefully noted 
that outside the limits of the morainic area, lakes are few, while 
within those limits, they are numerous. The northeastern part of 
the state also contains a vast number and variety of inland waters, 
some of them tributary to the St. Lawrence, and others to the 
Mississippi. These lakes are, mary of them, of a different charac- 
ter, having rock basins, occupying clefts and troughs between differ 
entgeological formations. 

ORIGIN OF THE LAKES. 

The most uninstructed observer can see that large areas of the * ♦ 

State now utilized as meadow-land, or under cultivation, were at 
no very distant day under water. The process of converting shal- 
low lakes into swamps or sloughs, and these into solid, dry land, 
has been going on for ages, and is constantly taking place under 
our eyes. It is still more evident to the scientific observer that 
nearly the whole State was covered by an ice-sheet or 'glacier. 
The evidence on which this theory is founded, will be found in 
another chapter. 

It is only necessary to remark here, that the surface features of 
our State with which we are all familiar, hill and valley, river 
courses, lakes and prairie undulations, were determined either dur- 
ing or subsequent to the glacial epoch. The lakes especially, are 
intimately related in a geological sense, to the glacial deposits. 
They were formed and their positions determined, by the same 
causes which produced the drift hills. One is as old as the other. 
They are both the children of the glacier. The principal hills of 
this State lie within the morainic area which marks the retreat ' 

and melting of the ice-sheet. Here also in great numbers and 
beauty, the lakes are found, nestled in the intervening valleys, ' ' 

occupying the hollows and depressions. Whence arises this com- 
panionship, which gives so much variety and loveliness to the 
scenery. 

Let us try to imagine the condition of affairs during the closing 
of the glacial period in this State. The great ice mantle is slowly 
dissolving before the gentle assaults of a milder climate. Its re- 
treat is not rapid, and is frequently interupted for a time 1^][j|*^h[f u GoOqIc 
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return of winter. Some portions of the glacier are more heayily 
loaded with the material of which our hills are composed, than 
others. These parts melt faster than the purer ice. The result is 
that cakes of comparativly clear ice lie between the great dark ac- 
cumulations of gravel, boulders, sand and clay. Torrents of water, 
caused by the melting, flow from the foot of the glacier which fill 
up every depression and nook of every sort. These are constantly 
at work modifying and rearranging the materials which the ice 
has deposited. Only superficial portions of this material are sub- 
ject to this modification by water. The deeper deposits, the mo- 
raine profande is undisturbed. The coarser gravels and boulders are 
only slightly stirred, and arranged in a rude stratification or thrown 
pell-mell into some cavity in the clay. The finer gravels and 
coarse sand are carried further and spread out in thin layers on 
some old flood plain, while the lighter and finer sands are carried 
by the great flow of water far down into the river valleys. Over 
all hung clouds and mist, while descending rains and fierce winds 
swept over the wild and dismal scene. But at last all this comes 
to an end. The glacier is melted. The surplus water is carried 
away. The hills with their softly rounded outlines and steep 
slopes, stand forth clothed in verdure, while around their bases, 
and filling the deeper depressions, the lakes, somewhat in their 
present form, though deeper and larger, are all that remain of the 
glacial flood. 

CAUSE OF PERMANENCY. 

Our lakes have remained a fixed feature of the landscape since 
glacial times, for the reason that the slope of the watershed is so 
slight and the erosion by rivers and outlets so little. When a de- 
pression in the earth's surface is once filled with water, it remains 
a permanent lake so long as the drainage and evaporation do not 
exceed the amount of water received from the rainfall and other 
supply sources. 

The character of the basins of the glacial lakes of Minnesota 
also tends to secure permanency. The slope of the bottom from 
the shore toward the center of the lake is usually very gradual. 
The deepest water is generally found about the center. Many 
lakes lie in separate basins connected by a narrow channel. The 
clay which constitutes the bottom of a large number of lakes is 
very hard and compact. The blue clay especially is almost imper- 
vious. These conditions combine to hold the supply of water se^; 
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cnrely. It follows from these considerations that the lakes, when 
once formed, must remain, since the agencies tending to destroy 
them are not equal to the sources of supply and stability. 

Moreover, it is evident from a careful consideration of a multi- 
tude of lake basins, that the annual mean rainfall has been for a 
long period about what it now is; that the lakes received more of 
that rainfall than they now do. The loss by evaporation and 
drainage together did greatly exceed the supply. The lakes very 
generally held their own or receded very slowly from their ancient 
levels. 

Our lake shores are rude meteorological registers. They show 
that the same conditions of climate, of cold and heat, of moisture 
and dryness, that exist now, have prevailed for centuries. A lake 
once formed, remains at a constant mean height, so long as the 
agencies tending to destroy it are counterbalanced by steady sources 
of supply. 

CAUSES WHICH OPERATE TO DIMIKISH THE NUMBER AKD SIZE 
OP OUR LAKES. 

It is, however, beyond question that the present tendency of 
our lakes is to retreat within narrower compass. A very wet sea- 
son brings them up for a short time to the vicinity of the old high 
water mark, but they never reach it, and they quickly recede again 
to their usual low levels. The shallow lakes which have no visible 
inlet or outlet are slowly drying up. Those which form a part of 
some river system, which receive the drainage of some lakes or have 
other regular sources of supply t^U maintain their present level 
indefinitely. But there are a large number of shallow lakes which 
are rapidly being transformed into marshes. In a few generations, 
probably, they will become excellent meadows. 

Among the causes which co-operate to produce this change, the 
agency of man is perhaps the most powerful. Before the settle- 
ment of the country the lakes and streams received a larger share 
of rain fall directly. The undisturbed prairie sod sheds water al- 
most as well as the roof of a house. Any one who has driven over 
the unbroken rolling prairie in a wet June and on a rainy day 
when the pools are [full has seen the water rushing along over 
grassy hollows and in gentle depressions where no water-course 
would be suspected in a dry season. Thus, when nature operated 
without interference, the rainfall speedily found its way over the 

grassy prairie sod into the lakes. But when then the farmer came OoOqIc 
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with his plow and tore up the sod and cultivated the fields the 
water remained nearly where it fell and the lakes also "fell" cor- 
respondingly. Their supplies were cut off in every direction by 
the growing crops which formerly found their way directly into^the 
lakes and streams. 

The growth of water-plants and reeds also tends to fill up the 
lakes. The bottom of nearly all the shallow lakes is covered by a 
thick matting of trailing plants, some of which are interesting and 
beautiful. Nothing can be more graceful than this sub-aqueous 
vegetation. Leaning from the side of a boat on a calm day in 
summer one may feast his eyes on little and delicate forms of 
beauty growing in minature forests and jungles, where the larger 
bass and walleyed pike love to lie in cool and shady seclusion. 
But all this luxuriance of vegetation tends to transform the 
lake which covers and protects it into an unlovely morass. 

There is no evidence, and we have not the data on which to base 
a conclusion, that the rainfall a century ago in Minnesota was 
greater than it is now. But the lakes are certainly drying up. 
The rate of the recession of the water is greater since the advent of 
civilization than it was before. The rainfall continues about the 
same since 1836 when observations were first taken at Ft. Snelling. 

The inference is that a smaller share of the rainfall reaches the 
lakes now than formerly. It is absorbed by the growing crops. 
It has been ascertained by careful measurements and repeated 
experiments in France that it requires the expenditure of from 
800 to 2,400 pounds of water to produce one pound of wheat. 
When the ground is rich in the chemical constituents of the grain 
less water is required. This may account for the fact that the 
lands in the Red River Valley, where the mean annual rainfall is 
only 17 inches, produces 30 to 30 bushels per acre. Where the 
soil is inferior, as much as 15 inches is required between seed 
time and harvest by a crop of wheat or oats. 

ACTIOK OF ICE OK LAKE SHORES. 

One of the constantly recurring features of the shores of most 
lakes is a low ridge or embankment of sand, gravel and boulders^ 
running parallel with the water line, and distant from it from ten 
to sixty feet. Sometimes there are three or four of these ridges, 
at various distances from the water. The outer one, if undis- 
turbed, is the highest and not uncommonly supports trees of large 

size. These '* embankments," or *'walls" as they have been calledawr^T^ 
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have excited the curiosity of people a good deal and there has been 
much lively speculation as to their origin. Some have supposed 
thev were thrown up by the primitive inhabitants of these lands 
— whoever they were — ^for roads. But a very little attention to 
facts is sufficient to convince any one that these ridges are due to 
the action of ice, aided, in some cases, by the high winds and waves 
of early spring. When the lake freezes in winter, the shallow 
parts about the shore freeze first. The ice takes up in its frigid 
grasp all loose stones, pebbles, grains of sand and dirt lying at the 
bottom and around the margin of the water. But this shore-ice is 
not permitted to remain in the position where it was formed. A 
mechanical pressure is brought to bear on it by the further freez- 
ing of the surface of the lake. It is lifted and pushed up on to 
the beach by expansive force of freezing water. 

The phenomena of the formation and effects of lake-ice are so 
interesting that a brief account of them is given with a view not 
only of explaining the walls and ridges about our lake-shores, but 
with the hope of inducing those whose good fortune it is to reside 
near a lake, to observe more closely the facts and phenomena for 
themselves. 

PHENOMENA OF FREEZIKG. 

To take a special case, Lake Minnetonka froze over in Novem- 
ber, 1880, earlier and more suddenly than is usual. The first ice 
formed around the edges of bays on November 7th. Several days 
of stormy weather, rain, snow and northwest wind, followed, and 
the lake was very rough, nevertheless the ice continued forming 
more and more in the bays. The temperature of water at the sur- 
face was continually falling. On the first of November it was 
45® F., and on the 16th it was 37®. Then came a storm and 
very cold weather. The thermometer registered 7® below zero on 
the morning of the 17th. Excelsior bay and Gideon's bay froze 
over, and on the 19th the entire lake was covered with ice, the 
thickness being six inches about the shores and two inches further 
out. During the night on the 20th inst., the ice cracked in 
many places with a loud report. Exquisite ice-flowers, sometimes 
an inch broad, appearing like a miniature forest, were very 
numerous. These are all modifications of the typical, six-rayed 
ice-fitar. 

I have given this brief account of the sudden freezing over of 
one of the largest of our lakes in the middle of November becags^^^^^ bvGoOQlc 
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it is an illustration of what took place on all the 10,000 lakes at 
the same time. 

It is a well known principle that frozen water requires more 
space than the same amount did in the liquid form. Water in 
freezing expands. 

Water attains its maximum density at 39® Fah. Below this 
point it expands. At 32® fah. it begins to turn into crystals of 
ice, which float on the surface because comparatively lighter than 
the water. At 32° the expansion by cold terminates, but in the 
final act of solidification the expansion or increase of bulk is sud- 
den and irresistible. Conceive of a large lake like Minnetonka 
freezing over to a depth of two to six inches in twenty-four hours. 
A vast quantity of water is turned into ice every hour. The ex- 
pansive force of the crystalizing water is exerted in every direc- 
tion at once. The strain is tremendous. The ice cracks and loud 
reports are the accompaniment and evidence of this action. 

As the cold of winter continues and increases, the ice becomes 
thicker and the increase of bulk continues to demand room. The 
ice in the borders of the lake is now pushed by inherent force of 
the great mass up on to the shores, carrying with it rocks, pebbles, 
and whatever it may have caught in its grasp. The broken ice on 
the edges of the lakes is a familiar sight. The causes which pro- 
duce these phenomena are here indicated. 

In these low embankments or ridges of gravel and sand about 
the shores of lakes, we see the effects of years, perhaps of centuries, 
of ice action. When the lake stood at a higher level than it now 
has, the ridge most remote from the present shore, was slowly 
formed by causes identical with those now at work. Year after 
jear the ice crowds upon the shore with its weight of sand and 
gravel, here from the bed of the lake. Winds and high waves as- 
sist in the process and thus, in the course of successive seasons, 
•a very large accumulation of material is formed. 

The line of boulders along the shores of some lakes, deposited 
with an apparent regularity that makes them resemble, at a little 
distance, a low stone wall, is due to the action of ice. These boul- 
ders are scattered through the drift formation, which constitutes 
usually both the shores and the bed of the lake. Where the shores 
are high and abrupt, the boulders sometimes fall from above into 
the lake. Whenever a loose stone comes within reach of ice it is 
taken and moved about, lifted up and shoved upon its fellows. 
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Value and Utility of Lakes, * 

The value and utility of our lakes are not to be computed ac- 
cording to the market price of the land adjoining. They consti- 
tute together a natural feature of the state which, like the salu- 
brious and invigorating climate, the fertile soil and vast forests, 
is a part of the common wealth. No matter who owns the adja- 
cent acres, the lakes themselves are public property, and we are all 
richer and happier because they are here. They have however a 
definite utility in two or three respects that demand mention. 

1. The sanitary or hygienic value of our lakes should be recog- 
nized. Whatever contributes to promote the health and happiness 
of the people, is important. The lakes furnish a constant oppor- 
tunity and temptation to the residents both of city and country 
to take hours of healthful exercise and recreation. They are usu- 
ally well stocked with fish, and haunted during the autumn months 
by myriads of wild fowls. Aside from their attractions for the 
sportsmen, there is, for all classes of people, a relaxation from 
mental and physical strain, a wholesome pleasure, a recuperation 
and invigorating effect produced by spending a few weeks or even 
a few days on and about these lakes. Health is capital ; and be- 
yond question, our people derive from these crystal waters a fund 
of enjoyment and vitality which materially augments the prosper- 
ity of the State. 

But the charms and benefits of the lakes of Minnesota are re- 
cognized and appreciated quite as much by the citizens of other 
States as by our own people. Every summer, in very increasing 
numbers, they come from all parts of the Mississippi valley, from 
New Orleans, from Memphis, from St. Louis and elsewhere to find a 
stimulating climate and healthful recreation at our lakeside resorts. 
And what an immense number of such resorts there are which 
are unoccupied. The capacity of Minnesota to set forth enter- 
tainment in this line, is inexhaustible. Thousands of beautiful lakes 
scattered over the whole lake district invite the tourist, the sports- 
men and visitor to their shores. There is room for all. We 
might almost say that there is a lake for each one. When the re- 
sources and beauties of our inland lakes become more widely known, 
their practical value as a source of income to our citizens will be 
better appreciated. To make these lakes more accessible to pro- > ^ -^ 

vide boats and comfortable houses of entertainment, is one of 
the natural and legitimate industries open to our people. ^^^^^ 

2. The climate is modified to some extent, by the lakes. Dur- ^ t 
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ing the summer these small bodies of water become reservoirs of 
heat. The temperature of the lakes during the summer months, 
as determined by repeated observation, is about 75® Fah. The 
whole mass of water is heated alike; the temperature of most lakes 
at the bottom is the same, nearly, as the top. The capacity of 
water for absorbing and retaining heat is well-known. 

During the summer, heat is absorbed from the direct rays of the 
siin. During the fall, up to the hour when the lake freezes over, 
this heat is slowly given off and exerts a sensible influence on the 
surrounding atmosphere. Gardens and vines favorably situated on 
a lake side escape the frosts of autumn longer than others. 
No doubt the transition from summer to winter would be more 
abrupt and severe but for the large amount of heat latent in water 
which is given off in freezing. "Every ton of water converted 
into ice gives out and diffuses in the surrounding atmosphere as 
much heat as would be required to raise a ton of water from 32® 
to 174® F." 

3. In many instances lakes have been utilized as reservoirs 
from which to draw supplies for mills and factories as necessity 
requires. 

By constructing dams at the outlets a vast amount of water may 
be stored during the spring and early summer in these natural 
reservoirs. The value of water powers may thus be greatly in- 
creased. Among the plans contemplated by our' national govern- 
ment for the improvement of navigation on the Mississippi river is 
that known as the "reservoir system." It is nothing more than 
the utilization of the lakes and marshes of the upper Mississippi 
above Pokegama Falls, for the purpose of storing water during the 
winter and spring, up to July Ist, so as to maintain during the 
season of low water from July to November a steady stage of 
water at St. Paul and below, sufficient for all purposes of navigation. 
A further account of this proposed system of reservoirs is given 
on another page in the section describing the headwaters of the 
Mississippi. 

Although with few exceptions lakes are distributed in all parts 
of our State they are far more numerous and interesting in the 
central and northern counties. The belt of country, which by rea- 
son of the great number and beauty of its lakes deserves the name 
ot the Lake District^ begins with lake Minnetonka, in Hennepin 
county, and extends northwest to the northern line of Becker 
county. The district is from 30 to 50 miles wide. It is bounded 

on the south by the Breckinridge division of the St. P. M., & M. I^ 
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R. R., while the Fergus Falls division of the same road passes 
directly through it. The Northern Pacific R. R. passes through 
the northern limits of the district. 

Another lake district exceeding in extent of territory and in the 
number of lakes the one described above, begins in Becker county 
and extends east and northeast through Cass, Itasca, St. Louis, Lake 
and Cook counties to the chain of lakes which constitutes the 
boundary line between the U. S. and Canada. In this district lie 
the head waters of the Mississippi, the Red River of the North 
and the St. Louis river. These lakes will be described when we 
come to consider the hydrographical basins of the rivers in which 
they are situated. 

At present we will give an account of the lakes in the first dis- 
trict mentioned, which lie partly in the water-shed of the Missis- 
sippi and partly in that of the Red River . For the purpose of 
assisting those who are not familiar with the geographical position 
of the lakes to locate them readily on the map, I shall describe 
the lakes in the several counties of the district. 

Lake Minnetonka is one of the largest, as it certainly is the 
most widely known and celebrated, of our lakes. On account of 
its accessibility it monopolizes the admiration which would be 
shared by other lakes equally charming, but for their remoteness 
from railroads and large cities. There is, however, no lake in the 
State that excels Minnetonka in that general attractiveness, which 
is a happy combination of clear, wholesome waters, hard, pebbly 
and sandy beaches, shady, wooded shores with irregular outlines 
and unequal heights, points, promontories, islands, bays, in short, 
a delightful interlocking of land and water. 

The lake occupies a series of depressions in the great moraine, 
which at this point bends south, and extends down into Iowa. 
Minnetonka is a name which includes a cluster of bays and lakes 
more or less connected together by shallow straits. The upper 
and lower lakes are quite distinct, only a narrow and crooked chan- 
nel uniting them, which has now, however, been straightened and 
deepened to allow the passage of steamboats. 

A little attention to ancient water marks and ice action about 
the shores, will convince the close observer that the level of the 
lake was formerly much higher than it is now. There was once 
a broad, though probably rather shallow, belt of water between the 
supper and lower lakes, which is now so filled with rushes and reeds 
and grasses that it has become a morass. All about the shores are ^•^ 

Awampy places, some of which have become almost dry land, where ^^ t 
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the lake once held undisputed possession. Many lakelets which 
now have no connection with the main body of the lake, except 
perhaps in time of very high water, were at one time arms or 
branches with clearly marked water communications. The former 
level of the lake was probably five or six feet above the high water 
mark of the presentj time. A remarkably fine lake, however, re- 
mains, and one which is in no immediate danger of drying up, 
although a constant diminution in the area of water surface is 
going on. The depth of water varies greatly in diflferent localities. 
The bottom of the lake is very irregular. There are valleys and 
ridges beneath the surface of the lake corresponding to those above. 
A great number of soundings have been taken and registered^ 
some of which are given on the maps which accompany thi* 
report.* In the lower lake the deepest parts are in the centre of the 
largest basin, that is, the area included between the lower end of 
Big Island, Starvation Point, Lookout Point and Gibson's Point. 
The depth in this basin varies from 40 to 70 feet. 

Brightwood or Gale's Island is the summit of a little hill which 
rises from 50 to 75 feet above the bottom of the valleys that 
surround it on three sides. 

Crystal Bay is deep; both above and below Cedar point, the water 
fills a basin the bottom of which is from 40 to 70 feet below the 
shore line. 

The upper lake is deepest between Halsted's place and Enchant- 
ed island. The water in the basin is from 50 to 70 feet deep. 
The bays generally are shallower, showing not more than 25 or 
30 feet of water usually, in the deeper parts. On the bars and 
ridges there are from 4 to 10 feet of water. 

"Wrigrht County 

adjoins Hennepin on the northwest. It is drained chiefly by the 
Crow river. In the northern part of the county, the Clearwater 
river, with the lakes of which it is the outlet, drains a considerable 
area. There are 160 lakes within the limits of the county, of 
which Clearwater lake is one of the largest and most celebrated 
and attractive as a summer resort. It is the lowest of a chain of 
lakes on the Clearwater river. Its position makes it the reservoir 
of the watershed of the river above it and keeps it supplied with 
the drainage of an extensive region. The quantity or volume of 
water in the lake therefore varies but little. It differs from a large 

♦This map is reserved for future publieation. , , , ^ ^ , 
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number of lakes which we shall have occasion to describe, in main- 
taining a more equal and constant height from year to year. 
A lake through which a river flows, has the conditions of a more 
permanent and stable existence than one which depends for supply 
only on its own water-shed. 

The northern part of the lake is generally shallower than the 
southern. There are large areas where the water is not more than 
four to six feet deep and aquatic plants flourish. In the deeper 
parts from 25 to 40 feet of water were found, and in one place 54 
feet, but these deeper areas were quite limited in extent. In the 
northern basin are two islands, covered with trees andshrubs. They 
are the summits of little hills whose bases are covered by the lake. 

The surrounding country is rolling and uneven. Around the 
"Southeast part of the lake the shores rise abruptly from 10 to 40 
feet. At other points the shore is low and level. There is com- 
paratively little marsh except where former lakelets have suc- 
cumbed to the influences which are silently yet surely drying and 
filling up every lake in the State. The inequalities of the lake 
basins, as revealed by the sounding line, are only a part of the gen- 
eral contour of the surface of the country. 

The lake is divided by a bar into two nearly equal parts. The 
bar is a low ridge of gravel, rising biit few inches above the lake 
level. The water on either side for some distance is shallow, and 
then suddenly falls off to a depth of 30 to 50 feet, showing that 
the bar is the crest of a hill or ridge. The channel at the end of 
the bar, connecting the two parts of the lake, is from 28 to 38 feet 
deep and about 30 to 40 feet wide. Thus there are two distinct 
basins. The southern basin varies in (depth from 4 to 60 feet. 
The bottom is very irregular, in some places, as at Longworth's 
house, sloping gradually down and at other points falling off 
abruptly. Some of the deepest water is across the lake from 
Longworth's and four or five rods off shore. The greatest depth 
measured was 60 feet, and from 30 to 50 feet were found repeatedly. 

Meeker County 

lies west of Wright, and south of Stearns. It is drained by 
the Crow river, the north branch of which flows through 
the northern half of the county, while the south fork drains 
the southern townships. Between these streams, and gen- 
erally connected with them, are a great number of small lakes; 
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about 110 in the entire county, and as many as 170 if we include 
the smallest. 

One of the largest is Lake Ripley near Litchfield. It is about 
two miles long and a mile wide. The country around the lake is 
either level or gently rolling. The Jiitchfield prairie is nearly 
level. There is only a diflference of two feet in elevation between 
Darwin and Litchfield. 

Lake Ripley 

occupies a very shallow depression in this prairie. The bottom 
of the basin is level and slopes very gradually down from the 
water's edge, to a depth of 20 feet. 

There is evidence about the shores that the lake formerly stood 
at a higher level than it now reaches, even at high water. The 
ancient shore-line is clearly marked. There is an accumulation of 
gravel and boulders at several points, which must have been de- 
posited by the action of ice and water, that is from 3 to 5 feet 
above the present level, and from 20 to 50 feet distant from the 
present water line. 

The outlet of lake Ripley in time of high water is into the Crow 
river. It depends for supply, on its own water shed and the drain- 
age of an extensive slough adjacent. 

Lake Minnahelle 

is about six miles south of Lake Ripley. It has no apparent 
outlet. It lies in a deep basin of considerable depth, and sur- 
rounded by a rolling prairie country. The greatest depth 
found was 43 feet, in the central part of the lake. There 
seemed to be quite a uniform depth of 25 to 40 feet. The bottom 
of this basin must be in the clay, as borings for wells near the lake 
indicate that the clay extends down for at least 90 feet. This clay 
at the depth of 90 feet, became so hard that the attempt to get 
water, was abandoned. 

The basin of Minnabelle may be regarded as "water-tight." 
The evaporation from the surface is small in proportion to the 
whole amount of water in the basin, and the annual rainfall keeps 
the supply constant. 



Washington Lake, 



is near Darwin on the west side of the belt of timber known 
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the "big woods." It is entirely surrounded by forest. It has an' 
area of about 4 square miles, and is supplied by the drainage of 
two small lakes lying west of it and constituting the headwaters 
of a creek, which enters the Crow river below Kingston. 

The shores are unequal and irregular in height, varying from 6 
to 30 feet. The depths of the lake, so far as they could be ascer- 
tained, also vary from 6 to 18 Teet. Large areas of the lake are 
quite shallow, with a luxuriance of water plants. 

Kandiyohi County. 




^: 






For convenience in description the lakes in the southern part of 
this county may be grouped together. They possess in common 
the characteristics which are noteworthy. The surrounding coun- 
try is a gently rolling prairie which slopes very slightly south to- 
ward the Minnesota valley. There are no high hills or deep val- 
leys. The shores of the lakes slope very gradually to the water 
line or are entirely flat and featureless. The lakes are Lillian, Big 
Kandiyohi, Elizabeth, Little Kandiyohi. 

They are all shallow, varying in depth from seven to twelve feet 
in the deepest parts. The water is slightly yellowish in color and 
alkaline. They lie on clay bottoms, over which is a thin deposit 
of sand. The temperature of the water was 74® F. on the 28th of 
June, when the temperature of the air was 67® to 70® F. They 
have no large inlets from perennial streams. They receive the 
drainage of contiguous sloughs, and in very high water they form : .- 

a temporary outlet into the south fork of the Crow river, which 
has its ultimate sources in these lakes. There is a difference gf 
only about one foot between the levels of these lakes. Kandiyohi 
and Elizabeth are a trifle higher than Lake Lillian. 

There are no forests in this part of the county. There is a fringe 
of trees about the shores of the lakes and some valuable groves of 
oak, ash, elm, box elder, bass wood, poplar and a few hickory trees. 
I also observed the wahoo growing here. In Lake Elizabeth are 
two islands, and on the western side the prairie slopes down rather 
abruptly, giving a picturesque and pleasing effect. 

The lakes in the northern part of Kandiyohi county are of a 
different character. The country, as a whole, is more hilly and 
uneven. The moraine, traced by Mr. Upham, enters the county 
from the northwest, and extends entirely through the northern 
part. This morainic tract is in some places, very rough and 
broken. The bills are from 100 to 150 feet above the lake leve|l^.j^j^g^ ^ GoOqIc 
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Dover hills are about half way between Willmar and Norway lake. 
The summit of the highest commands a fine view, and is about 150 
feet above Foot lake. Several other hill-tops north and west of 
Green lake were measured for altitude by me, and found to be 
from 1200 to 1350 feet above the sea. One of the highest of 
these summits is on the north side of Green lake, and commands 
a very extensive and magnificent view. It is 200 feet above the 
lake level. 

In this part of the county there is considerable timber and 
woodland. Hundreds of acres are covered with valuable forest 
trees. The principal varieties are oak, basswood, elm, ash, iron- 
wood, poplar, Cottonwood, hackbeiry and box-elder. Around 
Eagle lake there are some butternut trees. The principal shrubs 
and small trees observed were plum and cherry trees, prickly ash, 
gooseberry, wild currant, juneberry, red-raspberry, black-rasp- 
berry, comus, elder, snowberry and wild grape. 

Although a good deal of attention has been given to the subject 
of tree-planting in this county, and some fine young groves are to 
be seen, yet the farmers as a whole are painfully short sighted 
in this respect. So long as there is wood enough for present 
necessities, no earnest effort will be made. 

Men care little for the future. They seem content to live on 
the bare, bleak prairie without a tree or shrub about them, rather 
than make the necessary effort to have a thrifty grove of forest 
trees growing up about them. 

The old forests at present are disappearing much faster than the 
new ones are growing. Indeed, nothing that can ever be called a 
forest is attempted. Only a few acres of cuttings are set out here 
and there. These are in many cases neglected and destroyed by 
drought or fire. 

Some more vigorous effort must be made, either by legisla- 
tion or by town and county action, before this matter of tree cul- 
ture will receive the eai-nest attention which its importance de- 
mands. 

The largest body of water in the county is Green lake. It is 
about four miles long — east and west — by three miles and a half 
wide. It derived its name from the color of the water, which at 
times is intensely green, changing to blue, purple and darker hues. 
The unceasing play* of color in the water is one of the great charms 
of this very beautiful lake. The principal inlet is at the northwest 
corner, where there is a flour mill. The outlet is at the north- 
east comer. It discharges into the north fork of Crow^ river. 
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There is a bar about the middle of the lake running nearly across. 

I did not sound the lake in all its parts, but found in the western 
half 40 to 50 feet of water of the purest quality. The temperature, 
July 1, 1880, was: Air 78® F, water 74' F. I did not discover any 
appreciable difference in temperature between the water at the top 
and at the bottom of the lake. 

Fluctuations in the water level appear to depend on the amount 
of rain-fall. Within the last ten years it has been from 10 to 12 
inches lower than now, and also from 6 to 8 inches higher, accord- 
ing to the season. 

Green Lake lies in a depression at the foot of the moraine which 
sweeps away on the north side toward the east and on the west 
side toward the south. Its position with reference to these hills 
and the country north is such that it must remain a permanent 
reservoir. 

Its shores are bold and abrupt on the north and west sides — more 
level on the east and south sides. Near Mr. Aspenwall's the bluff 
is forty to fifty feet above the water. 

ACTION OP ICE OK THE SHORES. 

Beautiful illustrations of the action of ice in piling up sand and 
gravel are also to be seen here. The ancient ridge is now a road- 
way and has large trees growing on it. It is 40 to 60 ft. from the 
water. The most recent ridge is close to the water's edge. It is 
four or five feet high and five to eight feet wide at the base. It is 
composed of fresh gravel and has been thrown up within the past 
four years. 

Between Green lake and Willmar there is a chain of lakes. 

Eagle Lake, 

Of these 1 shall only describe Eagle lake, which is about four 
miles north of Willmar. It lies in a depression at the foot of a 
spur of the great moraine. Its waters are clear and sparkling. Its 
northern shores high and picturesque and well wooded. Some of 
the hills are from 75 to 100 feet above the lake. Its outlet in high 
water is at the south end, and it drains into Swan and Foot Lakes. 

There are springs about the northern shores and a small inlet 
from a slough or drained lake, on the east. 

Its altitude above the sea is about 1125 feet. 
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Foot lake, at Willmar, is very shallow, and the waters in sum- 
mer very impure, full of decaying vegetable matter. It is partly 
filled with a vigorous growth of reeds, and its days as a lake are 
nearly numbered. I sounded it in several places, and found a depth 
of 6 to 12 feet. It has receded from its former limits very per- 
ceptiblyjsince the town was started. It is now at least five feet 
lower than it was in 1857. 

Diamond Lake, 

Diamond lake is a clear and beautiful sheet of water about five 
miles southeast of Green lake. The prairie around is massive, roll- 
ing, with no abrupt hills. The lake is two to three miles long and 
a mile or more wide. The greatest depth found was 26 feet. 
The temperature of the water on July 2, was 74° F., air 71® F. 
at sunset. Its outlet joins that of Green lake. The shores slope 
gently to the water's edge and bear a fringe of native forest trees. 
Evidences of a former higher lake-level are abundant. . 

In the northwestern part of the county is a chain of very charm* 
ing lakes. These are Norway lake, James lake, Swan lake and 
Lake Andrew. 

The moraine trends along the north side of these lakes. They 
lie in a series of depressions at the southern base. All the country 
south and west is massive, rolling prairie. 

Norway Lake, 

Between the lakes and to the eastward there is considerable 
hard-wood forest. Norway lake is not deep, and at the time I 
visited it, October, 1880, there was a minimum stage of water. 
There is a depth of 30 feet in some places. It is well cut up with 
bars and points. One of these, belonging to Mr. Even Railson, is 
a mile long and covered with fine hardwood timber. The margin 
of the lake supports a thick growth of reeds and rushes. The 
water is clear and translucent. In the fall it is the abode of thou- 
sands of water-fowl, and is a sportsman's paradise. Evidences of 
former higher water are very abundant. The old beaches? are 
clearly defined. I am told that in 1871 the lake was six feet high- 
er than it is now, and also in 1860 there was a very high stage of 
water. At such times these lakes have an outlet southwest into 

the Chippewa river: but in a dry season and low water there is no i 
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outlet. These lakes usually freeze over between the Ist and 15th 
of December, and open in the spring between the 1st and 15th of 
April. The temperature of the water, October 10th, was 68® F. 
Lake Andrew is deeper than Norway, and there is a great variety 
of shore line. Together these lakes constitute one of the most de- 
lightful groups in this region. 

The natural drainage of Kandiyohi county is chiefly into the 
Crow river. The northeastern townships are drained by branches 
of the north fork, while the southeastern towns, south of the rail- 
road, are drained by the south fork. The western tier of towns are 
drained by ^branches of the Minnesota river, the Chippewa and the 
Chetomba. There is not an exposure of rocks in the whole coun- 
ty. The drift, which is very heavy, undoubtedly overlies the 
archaean terrace, which extends across the State from Lake Superi- 
or southwest. The "summit" near Atwater, where the railroad L 
grade reaches an elevation of 1,264 feet above the ocean, is proba- 1 
bly due to the greater uplift of the underlying rock rather than to \ 
any greater thickness of the drift. The drift pebbles on the shores 
of lakes are granitic or gneissic and limestone, about 65 per [ 
cent, of the former to 35 of the latter. ■ 

The principal lake of Pope county is Lake Whipple. It has an ;" 

average length of seven miles, and width of two miles. Its area 
is about 15 square miles. It is situated in the northern central ' 

part of Pope county. It lies very picturesquely at the foot of the 
great moraine, at an angle where its development is most typical. 
On the north and eastern sides the morainic hills rise irregularly 
above the lake to a height of from 50 to 200 feet. At the nor- / 

them extremity of the lake the quiet little village of Glenwood i 

consists of a few houses at the foot of the bluflF. Going up to the 
top of this bluff, which is more than 200 feet above the lake, one 
may enjoy as delightful a bit of natural scenery as there is in 
central Minnesota. From this summit the prairie stretches back 
to the north and west quite flat and featureless. Lake Whipple 
seems to occupy the bottom of a great basin around which the 
morainic hills of unusual boldness and height gather on every side, 
except the west, where is the outlet of the lake into the Chippewa 
river. The depth of Lake Whipple, at the northeastern end, near 
Olenwood, varies from 12 to 30 feet. It is quite shallow along the 
western shores, and there are a number of sloughs and lakelets which 
drain into the larger lake. There are numerous springs about the — — 

northeast shore, and water is found in the wells of the village at ^->. j 

depths of 14 to 40 feet. The water stratum is of sand underlyingzea by vjOOglC 
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a bed of blue clay. The temperature of the water, on the 13th of 
July, was 77^ F. 

Lake Reno, 

Lake Reno, on the northern boundary of Pope county, is a prai- 
rie lake about four miles long and two miles wide. Its northeast- 
em extremity is much narrower. It has an area of about six 
square miles. It is separated by a sand-bar, from Maple Lake on 
the north. The surrounding country is rolling prairie nearly level. 
The banks of the lake show a subsoil of light yellowish clay. 
They are not more than 10 to 15 feet above the water, and usually 
slope gently back, without any abrupt or precipitous shores at any 
point. The lake has an even clay bottom, and in the central part, 
has an average depth of about 20 feet. There are very few reeds 
or rushes and no islands. At the northeastern end there is consid- 
erable timber, the principal forest trees being the oak, maple 
and basswood. The larger portion of the surrounding country is 
prairie. The water is slightly alkaline and of a yellowish hue, 
characteristic of broad and rather shallow lakes which are easily 
stirred to the bottom, by the winds. The temperature of the 
water, on the 28th of Aug., was 72®Fah. The outlet of this lake 
in high water, is into the Chippewa river. Its inlets are temporary 
streams from the adjoining prairies and sloughs. 

Douff las County. 

The lakes of Douglas county, are unsurpassed for the purity of 
their waters, the beauty of their scenery and general attractive- 
ness. A glance at the map will show that there is a large number 
of them. But it is not their number so much as it is their beauty 
and variety which impresses any one who studies them in detail. 

NATURAL DRAINAGE. 

The western half of Douglas county is drained by the Chippewa 
River and its tributaries, while the eastern half is drained through 
the Long Prairie Chain of lakes into the river of that name which, 
beginning at Lake Carlos, of which it is the outlet, flows east and 
then north through Todd county, and discharges into the Crow 
Wing river near Motley. ^^^^^^^^^ ^^ GoOglc 
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TOPOGRAPHY. 

The "leaf hills," whose greatest developement is in the south- 
east part of Ottter Tail County, are represented in the northern 
townships of Douglas. There are some conspicuous eminences on 
the north and west shores of J[jake Christina. These hills rise 
from 75 to 150 feet above the lake. The highest point reached by 
the railroad near the southern boundary of the town of Lund, is 
1378 feet above tlie sea. 

Lake Christina is about 1215 feet above the sea. The general 
average of hill and valley is between 1230 and 1350 feet above the 
ocean. Evansvill^ station which is one mile south of the town 
line, has an elevation of 1354 feet, and the Chippewa river near 
Stowe's Lake, is 1339 feet above the sea. Some of the highest 
points in the town are on sections 23, 25 and 36. The northern 
sections of the adjoining town of Millerville, are high and hilly. 
The township of Leaf Valley as its name implies, is a broad basin. 

In Miltona a range of morainic hills extend southwestward past 
Lake Miltona and west of Lake Ida, through the town of Molir to 
lake Oscar and beyond. At lake Oscar are some very prominent 
and massive hills, rising from 100 to 200 feet above the Like. 
This central ridge of the country is the "divide" separating the 
waters which find their way into Long Prairie river from those 
which flow westerly into the Chippewa. Alexandria which is situ- 
ated on a high prairie a little east of this central ridge, has an 
elevation of 1392 feet. Lake Ida is a little more than 1400 feet 
above the sea. 

The Longr Prairie Chain of Lakea 

In the eastern half of Douglas county there is a chain of lakes 
remarkable for their purity, depth and beauty. They are all con- 
nected and lie within a radius of a dozen miles of Alexandria. 
Beginning with the most northern and the highest of the chain, 
they are Irene, Miltona, Ida. Louise, Mill, Andrew, Mary, Lobster, 
Fish, Latoka, Cowdrey, Darling, Union, Bergan, Childs, Victoria, 
Geneva, Le Homme Dieu, Carlos. Only the largest and most im- 
portant of these can be mentioned.. 

Lake Miltona 

is the largest of the chain. It has an area of about nine square 
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miles. It is six or seven miles long from east to west, and about 
two miles wide. It has two inlets, one at the eastern extremity 
and another at the northwestern. Its outlet on the southwestern 
side discharges into Lake Ida. The lake has an elevation above 
the sea of a trifle over 1400 feet. Its shores in many places are 
bold and rise iabruptly 20 to 40 f^ above the water. They are 
covered with forests except in a tew places. The leaf hills to the 
north, dun and hazy in the distance, are seen from centre of 
the lake. There are large areas of the lake which are shallow and 
the bottom is covered with a dense growth of aquatic plants. 
Although a number of soundings were taken in different parts of 
the lake, only one place of considerable depth was found where 
the line showed 80 feet of water; this was a little south of the cen- 
tre. Other parts showed 30 to 50 feet, but the majority of sound- 
ings gave 14 to 25 feet. Owing to the amount of vegetation grow- 
ing, the water is not as free from foreign matter as some lakes. 
It is, however, clear, sparkling with no tinge of yellow. There 
are some fine springs on the shores of this lake, and some stately 
forest trees, sugar maple, elm and basswood are flourishing. The 
temperature of the water on the 10th day of August was 75® F. 
on the surface, 73.5"* F. at the bottom. Air 80^ F. 

Lake Ida. 



\ 



Next in size and order is Lake Ida. It is four and a half miles 
long and one to one and a half miles wide. It has an area of about 
five square miles. It lies east of the central drift ridge, which 
divides the waters of the county. The surrounding country is 
massive rolling drift, and on the eastern side is well timbered. The 
water is very pure and crystalline. The shores are strewn with 
pebbles and small sub-angular boulders. There are very few reeds 
and rushes. I found the temperature of the water on the 16th of 
August to be 73® F., air 81® F. The inlet of Lake Ida is at the 
northern end, where it receives the surplus water of Lake Miltona. 
The outlet is at the southeast comer, at Alden's flour and saw 
mills, whence it flows south. 

Lak^ Latoka. 

This charming little lake is only two miles from Alexandria. 
It is about one and a half miles long, and half a mile wide. It 
lies in a deep and quite uniform basin. It has an average depth of j 
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fifty feet, the greatest being eighty feet. The bluflfe around the 
north end at the outlet are from two to thirty feet high. The 
soil is sand and gravel, including some boulders. The water is 
remarkably pure and of a deep bottle green color. The surround- 
ing country is covered with forest. 

Lake Cowdrey, 

A few rods north of Latoka is smaller in area but a very pretty 
lake. Here the surplus water from some twelve or fourteen other 
lakes combine and send a deep strong current north to Lake 
Darling. 

Lake Darling, 

A sheet of water two miles long and a mile wide, surrounded by 
forests of stately trees, dry and bold shores, divided by a bar near 
the northern end into two basins, almost two lakes, this is Lake 
Darling. The inlet at the southern extremity is a deep, strong 
current pouring continually into this lake the surplus waiters of a 
dozen others. The depth varies from sixteen to fifty feet. The 
water is clear and pure. 

Lake Victoria receives the drainage from half a dozen smaller 
lakes at the south. There are two arms, an eastern and western, 
both have inlets and combine to form the main body* of the lake. 
The western arm is much the larger. In this basin the great mass 
of the water lies. Its depth, near the center, vanes from 40 to 50 
feet. The east arm is 30 to 40 feet deep. Near the outlet the water 
becomes shallow and reeds are numerous. In the center of the 
lower part of the lake the depths vary from 22 to 38. The water 
is not very pure ; it contains a considerable amount of decaying vege- 
table matter, brought down from swamps and shallow lakes above. 
The shores of the Victoria are generally high and wooded. The 
banks where exposed, are clay. A very short outlet, crossed by the 
St. P. M. & M. R. R. brings us to the next link in the chain. 

Lake Geneva is nearly two miles long and half a mile wide. Its 
waters are clearer than those of Victoria. In some parts it is also 
considerable deeper. Soundings varying from 30 to 60 feet were 
made in the south half of the lake. There is clay in the surround- 
ing bluffs which arise 10-20 feet above the water. The R. R. has -^^- 
made a long, high •^^fiir' at the inlet. In consequence of ^ll^ffbabyGoOQlc 
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facts the water holds in suspension considerable earthy matter, giv- 
ing ii; at times a faint yellowish tinge. 

One of the charms of this chain of lake and the country adjacent 
is the presence of fine, large, forest trees which the ravages of the 
"woodman'' have not laid low. For this reason the shores of these 
lakes are particularly attractive as places of resort in summer and 
are capable of such improvement at small expense, as would make 
them delightful places of residence. 

Lake Le Homme Dieu. 

This lake has a quite irregular shape and lies in two distinct de- 
pressions of unequal depth. The long point that runs out from 
the west side is continued under water by a bar extending more 
than half way across the lake. In the southern basin, not far 
from the inlet, the water is from 60 to 75 feet deep. In various 
parts of this basin depths varying from 25 to 57 feet were found. 
The lower basin at the north end of the lake is larger and includes 
a deep bay on the west side, but on the whole this portion of the 
lake is shallower than the other. 

As a whole it is one of the mose beautiful sheets of water in 
Minnesota. The shores are moderately high and well-wooded. It 
is separated only by a narrow bar from Lake Carlos. The water is 
clear and pure. In this respect there is a gradual improvement as 
we proceed down the chain. Geneva is purer than Victoria. Le 
Homme Dieu is purer than Geneva, and Carlos is the purest of them 
all. Temperature of Lake Le Homme Dieu July 13th was 78® F. 
air 84®. 

Lake Carlos 

is the gem of this group of lakes. It is the last and lowest of the 

series. It is the immediate source of Long Prairie river, which 

forms its outlet at the northeast corner. It has two inlets, one 

from Lake Darling at the southern extremity, and the other from 

Lake L'Homme-Dieu. It thus receives the surplus waters of all 

the other lakes north and south and the drainage of six townships. 

The lake in some places is 150 feet deep, and there is a channel a?- 

eraging about 50 feet deep, extending the entire length of the lake. 

The deepest area is not far from the L'Homme-Dieu inlet. There 

are shallow areas where the water is only 5 to liO feet deep, further t 
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down the lake. It is about five miles long and a mile wide. The 
water is almost perfectly pure, of a deep bottle-green color. The 
color however varies with the sky and weather, and is sometimes a 
deep indigo and sometimes a light delicate blue. In this lake, as in 
many others which have been explored with the sounding line and 
other appliances for discovering what lies at the bottom, it was 
found that there are, under the level surface of the water, a variety 
of hill and dale, plateaus, ravines, abrupt declivities and gradual 
slopes very similar to the irregularities of the country around. 
Vegetation too flourishes beneath the waves as vigorously as on the 
main land, while the waters are thronged with fish of many species 
and of delicious flavor. 

There are many indications about the shores of these lakes of 
former higher levels of water. There are old beaches and half-ob- 
scured terraces which show that the lakes were connected at no 
very remote date. The whole of "Alexandria prairie," which lies 
between the two chains of lakes, is modified drift. The gravels, 
sands and clays are finely stratified and record the fact that at the 
close of the ice age some ancient river with gentle current flowed 
here, rearranging and depositing in their present positions the ma- 
terials which the glacier had brought down. 

Lake Osakis, 

On the eastern boundary of Douglas county, but lying chiefly 
in Todd county, is Lake Osakis. It is about seven miles long^ 
The southern part is a mile and a half to two miles wide. The 
northern pai-t is narrow and deep. The depths at the upper end 
of the lake varied from 40 to 70 feet. Near Battle point 50 feet 
of water were found repeatedly. In the broader part of the lake 
there are large areas of shallow water, varying from five to fifteen 
feet, the average depth being about twenty-five feet. Around the 
southern part of the lake, the prairie slopes down gradually to the 
water's edge. Some of the shores are low and wet. At other 
points they are fro\n ten to twenty feet above the water. The 
water varies in purity. In the deep parts at the north end it was 
quite pure. In shallower places and where the mud stirs the whole 
volume to the bottom, it has the yellowish hue characteristic of 
the more alkaline lakes. 
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Lake Oscar, 



Among the hills in the southwestern part of the connty are a 
multitude of small lakes, the largest of which is Lake Oscar. The 
surrounding country is rolling, and there are some abrupt declivi- 
ties and massive hills of drift, whose summits are from 60 to 150 
feet above the lakes. There is a fringe of oaks about the lake, 
and a forest on the northeast stretches away to Alexandria and 
beyond. Toward the west and south lies a prairie country. The 
outlet of Lake Oscar, in high water, is into the Chippewa river. 
Its only tributaries are other and smaller lakes. The basin is sub- 
divided by various points and bars. The outlet is very irregular. 
This interlocking of land and water gives the most charming 
scenery. The shores are bold, being in several places 30 to 40 
feet above the water. The lake is about 30 feet deep in its largest 
basin, growing shallower, of course, about the shore's points. The 
temperature of water 75® F., and the air 58* F. to 80* F. 

In the extreme northwestern part of the county is Lake Chris- 
tina, which has an area of about six square miles, but is very shal- 
low. The water is a decidedly yellow and muddy. It is full of 
reeds and rushes. Its shallow depths and the rills and runlets 
pouring down from clay deposits keep it looking very much like 
Missouri river water. It is rather exceptional in this respect 
among the lakes of this region. Pjelican lake, which joins it on 
the southwest, is clear, although the lake also is shallow and the 
water clouded and alkaline. Neither of these lakes are attractive, 
although to one passing by on the railroad, which runs between 
them, they may appear so. 

Otter Tail is the banner county of the State for lakes. It is 
said by those who have given their minds to counting them, that 
there are 430 lakes in the county. This number of lakes is not 
represented on any maps that I have seen. Still the number is 
sufficiently large, as any one will admit who has traveled over the 
county. 

The relation of these lakes to the great moraine, that gigantic 
relic of the glacial age, which Mr. Upham has' traced through the 
State, is both intimate and interesting. A glance at the map 
shows that the lakes occupy the central townships of the county. 
The eastern and western tiers of towns have none, or a few small 
lakes. This distribution of the lakes corresponds with the posi- 
tion and bearing of the moraines. Entering the county at the^^T^ 
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north, in the town of Hobart, the general direction of the drift 
deposit is southeast until, in the vicinity of Fergus Falls, it tends 
southeast and east, and then swings northeast, where its, greatest 
development is seen in the '4eaf nets,'' as they are popularly 
called. This hilly area is gemmed with lakes. Every depression 
in the rough and rolling ground holds a mirror to the sky and 
clouds. They are of all sizes, shapes and depths. Some have out- 
lets, the largest ones especially; others have none, except in very 
high water; others have no outlet whatever at anytime. Of some 
the water is whitish or clouded, holding in solution mineral sub- 
stances derived from the clays and gravels of the shores. Others 
are apparently perfectly pure, colorless and sparkling. 

It is manifestly impossible to examine all these lakes in a single 
season. Only those were selected which are typical or in some 
respects remarkable. Of the smaller lakes Lake Sewell in St. Olaf 
is as good a representative as any other. 

Lake SeweU, 

It is about two miles long ^d half a mile wide. The shores are 
not very high and generally slope gently to the water's edge. There 
is a fringe of trees and shrubs of the common species about the 
lake, but most of the country is massive rolling prairie with fre- 
quent lakelets and sloughs. 

It was ascertained by sounding that the lake is 35 to 40 feet 
deep in the central or deeper parts. As there is no erosion of the 
banks the waters are quite pure and free from mineral substances. 
The bottom or floor of the lake is clay covered by gravel stones 
and the beaches are deposits of sand and pebbles. 

In all these smaller lakes the same feature are repeated over and 
over. A large number of these lakes have no visible outlet except . 
in very high water. The channel — of the outlet — is grass grown 
and dry, except a weeks or perhaps a few days in the year. 

Lake Clitheralh 

This beautiful sheet of water is nearly four miles long and one 
mile wide. It has a deep bay extending toward the south, a dis- 
tance of two miles. The south shore is densely wooded and pre- 
sents to the observer on the north side a very picturesque appear- 
ance. The shores at various points are bold and high, and there 
is a fringe of forest trees on the north side also, where tli|tiYlP8j?^OOQlc 
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of Clitherall, a Mormon settlement, stands. There are one or two 
bars extending nearly across the lake so that the water does not 
lie in one continuous basin. Our soundings gave for the east part 
of the lake a depth varying from 15 to 44 feet, and for the west 
part from 10 to 32 feet. The water is clear and had at the date of 
our visit, August 1, a temperature of 77® F. This lake lies at an 
elevation of 1332 feet above the sea. Its outlet is at the north- 
west side and discharges into West Battle Lake. 

West Battle Lake, 

This lake lies in two basins. The western half is nearly twice 
as wide as the eastern. The shores are in some places bold and 
abrupt, rising 40 to 60 feet above the lake. At other points the 
prairie slopes gently down to the water. There is not much for- 
est. Nearly all the surrounding country, especially at the western 
extremity is cultivated prairie. The lake is over six miles long. 
The western part is about two miles wide; the eastern division 
about one mile wide. A high, wooded hill or promontory on the 
north side marks the line of division. Our soundings were made 
in the western part of the lake. The bottom of the lake, is un- 
even. There are ridges and shallow places out some distance from 
the shore. We found repeatedly about 50 feet of water. The 
depths vary rapidly within short distances. The mass of the drift 
about these lakes is siliceous; some of these bluflPs are almost pure 
sand; these crumble under the action of frost and weather and are 
distributed over the bottom of the lake by the waves. All the 
beaches are sand and pebbles. There is very little vegetation in 
the waters of this lake. 

Owing to the purity of its water and the inequalities of depth, 
this lake presents the most rapid and beautiful play of colors. 
There is not a more charming or attractive spot in Minnesota than 
the vicinity of Battle lakes. They lie in midst of the famous 
Park Kegion, ^oves, lakes, cultivated farms, unoccupied wood- 
land conspire to give variety and beauty to the scenery. 

West Battle lake has two outlets, one from Lake Clitherall, the 
other from East Battle lake. Its outlet is on the north side and 
after passing through several smaller lakes, discharges into Otter 
Tail lake at Balmoral mills. 



Digitized by 



Google 



STATE GEOLOGIST. 277 ' 

East Battle Lake, 

The country around East Battle lake is very broken and hilly. 
The Leaf mountains lie a few miles to the southwest. Several 
small streams convey the drainage of these hills to the lakes. The 
basin of this lake is very irregular. There are numerous promon- 
tories, points and bays. The depth varies from twenty to forty 
feet. Only a small part of the lake was sounded, as no safe boat 
could be obtained. The hills and shores of the lake are covered 
with trees and shrubs. The outlet into West Battle lake has evi- 
dently run much wider and larger than now. It flows through a 
low meadow or swamp, and is still a considerable stream about ten 
feet wides. 

On a high bluff between these lakes are a series of mounds 
which have the appearance of having been a fortified camp. Some 
of them are long and four to six feet wide. Others are nearly 
round. The largest round mound is about six feet high, 25 feet 
across the top, and 130 feet in circumference. There are about a 
dozen of the mounds together. 

Otter Tail Lake. 

This is the largest body of Water in the county. Indeed in this 
whole lake district which embraces parts of Becker, Otter Tail, 
Douglass, Pope and Kandiyohi counties, there is no lake which can 
compare with this in size. It is about ten miles long and three 
miles wide. Its longest direction is from northeast to southwest. 
It has three inlets, one from the south and two from the north. 
The largest of these is known as Otter Tail creek and is the outlet 
of Rush lake. A large inlet also flows down from Dead lake on 
the north. At Balmoral mills on the south side it receives the 
surplus waters of the Battle lake chain. The soundings were 
in the southern central part of the lake going out from Balmoral 
mills. For distance of half a mile or more from the shore the 
water is quite shallow, only six to eighteen feet of water. Toward 
the centre of the lake it deepens to forty, fifty and sixty feet. 
This deeper area was followed for some distance toward the head 
of the lake, when the high wind prevented further measurements. 
The temperature of the water on the 30th of July was 74® F., 
air 78® F. Prof. Owen took the temperature of this lake on the 
18th of June, and found it 65® F., air 64® F. The water is not 
perfectly pure. It has the yellowish or clouded color characteris-^ t 
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tic of shallow lakes with clay bottoms and shores. The soil on 
the southern side is sandy; at other points, however, the clay is 
exposed and the feeders are colored by the clay deposits through 
which they flow. 

The lake is without islands or any bold and prominent indenta- 
tions of the shore. It is therefore less picturesque and attractive 
than some other and smaller sheets of water. The outlet of Otter 
Tail lake is the Red River of the North, formerly known as the 
Otter Tail river. It is here 30 to 40 feet wide. 

The southeastern shores of the lake are fringed with trees. Fur- 
ther north the prairie comes to the water's edge. On the western 
and northern shores are forests, interspersed with some fertile 
prairies or openings. 

Dead Lake, 

Northwest of Otter Tail, are several lakes of irregular shape, sur- 
rounded by forests and morainic hills and deposits of clay. Ap- 
proaching Dead lake from the south, near its outlet, a fine growth 
of native forest trees is encountered. The sugar maple, basswood, 
oak, elm, ash and ironwood are especially noticeable. The lake it- 
self is divided by bars and points, into several distinct basins and 
bays. The bottom is as irregular in shape as the shore line. The 
main body of the lake is shallow. Our soundings gave from 10 to 
25 feet of water. There is a good growth of reeds, wild rice and 
other vegetation in the lake. There are a| few small islands. 
The shores are full of boulders, both granite and limestone rock. 
It is indeed a lake of the woods, difficult of access, but wild and 
picturesque, a favorite haunt of water foul and other game. The 
principal tributary is a small stream which connects it with Star 
lake. 

The country to the east is rough and hilly. One hill near the 
outlet rises abruptly 98 feet above the water. On the north side 
the shores slope more gently and smoothly to the water. Further 
still to the northwest is a chain of very beautiful lakes, lying on 
the west side of the great moraine and tributary to Pelican river. 
These are Lakes Lida and Lizzie and Pelican lake. Between these 
lakes and on the east side, there is a fine forest of hard- wood trees, 
of species already mentioned. On the west side the prairie stretches 
away toward the Red river. All the surrounding country is rolling 
and uneven. The largest of the three lakes is Lake Lida. It is 
about seven miles long and two miles wide. A narrower arm, about ^T^ 
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one mile wide, extends south from the main body of the lake for 
two miles. The eastern shore is wooded and hilly. The western 
shore is more level and the forest soon gives place to the prairie. 

Between Lakes Lida and Lizzie, which formerly constituted one 
lake, there are several old beaches, now covered with forest trees, 
indicating that the former level of the lake was from seven to ten 
feet higher than it is at present. 

The outlet of Lake Lida is at the north end. It is a strong cur- 
rent of water, three feet deep and fourteen feet wide. The tem- 
perature of the lake on the 13th of September was 63® F., air 70®. 
The lake varies in depth from 10 to 40 feet. About the shores it 
is shallow. The water is very pure and clear. There are several 
fine springs about the shores. There are, in the vicinity of these 
lakes^ a number of cranberry marshes from which, without any 
effort at cultivation, a good many bushels of cranberries are gath- 
ered every year. 

Lake Lizzie. 

The southern part is quite shallow and narrow and filled with 
reeds and rushes for some distance out from the shore. The nor- 
thern part is broader and deeper. The eastern shore is covered by 
forest, while on the western side the prairie, in some places, comes 
nearly to the lake. The country is massively rolling, and as a gen- 
eral rule sandy, but there are also large deposits of clay. One well, 
on the west side of this lake, was dug 78 feet, through sand and 
gravel, and another, a quarter of a mile away, 60 feet, ^through 
clay. The outlet of Lake Lizzie is the Pelican river, at this point 
40 feet wide and 3 to 4 feet deep. About a mile west of the out- 
let the river spreads out into Prairie lake, which has an area of 
about two square miles. The quality and temperature of the water 
did not diflfer materially from that of Lake Lida. There are two 
small islands of about two acres each in this lake. 

Pelican Lake, 

This is a very picturesque and beautiful lake with high bold, 
liigh shores wooded on the eastern and prairie at the western end 
The water is very pure and sparkling. The depth varies from 8 to 
40 feet. On the south side are some excellent springs. The ex 
posures of soil on lake shores are sandy; no clay was seen. The 

bottom is uery uneven, especially in the south arm, which is some-^ j 
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times called Fish lake. From this arm the outlet discharges its 
waters into Lake Lizzie. 

This country is not thickly settled. A large amount of land is 
still unclaimed. The tide of emigration has swept into the more 
fertile and better advertised Red River Valley. 

These three lakes with seven or eight others in Becker county^ 
which lie above them, constitute the Pelican chain and are a grand 
reservoir of water feeding that river with perpetually fresh sup- 
plies. 
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IX. 

REPORT OF PROGRESS 



IN EXPLORATfON OF THE 

GLACIAL DRIFT AND ITS TERMINAL MORAINES. 



BY WARBEN UPHAM. 



The work of exploration during 1880, of which the following 
is a partial report, was begun on the 19th day of April and closed 
on the 3d of December, the distance traveled by horse and wagon 
in this time being about 4,500 miles. Excepting a trip of six 
weeks between the St. Croix and Mississippi rivers and through 
the south part of Steams county, to a north limit in Pine, Kana- 
bec, Mille Lacs and Crow Wing counties, the remainder of this 
year was spent in the examination #f the region lying south of 
the Minnesota river, to an east limit in Dakota, Rice, Steele and 
Freeborn counties. These districts have been explored in respect 
to their topography, economic geology, glacial drift, and their few 
exposures of the older rocks. Information has also been gathered 
concerning the flora, areas of forest and prairie, and water-powers. 

New observations of rocks underlying the drift include a Creta- 
ceous sandstone seen in Altavista, the northeast township of Lin- 
coln county, at a few points in northwestern Lyon county, and at 
one place in Martin county; an area of the red Potsdam quartzyte, 
extending 22 miles from east to west in northern Cottonwood 
county, and reaching into the edge of Adrian, the northwest town- 
ship of Watonwan county, and of Stately, the southwest township 
of Brown county; and several outcrops of granite, gneiss and 
schists, occurring 10 to 20 miles southwest of the Minnesota river, ^^ ^ 

in Yellow Medicine and Redwood counties. Records have heear^V^OOQlC 
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secured of the strata passed through by deep wells at Hastings, 
Mendota, Owatonna and Mankato, the last being 2,204 feet deep, 
not penetrating the Potsdam formation; and of several wells 
which go through the drift and a small depth into the bed-rock, 
in Waseca, Freeborn and Faribault counties, which have no out- 
crops of rocks on the surface. 

Additions have also been made to our knowledge of the Lower 
Silurian rocks exposed on the Blue Earth river and its tributaries; 
of the Potsdam quartzyte in Pipestone and Rock counties, and in 
Minnehaha county, lying at the west side of the latter, in Dakota; 
of the St. Croix sandstone and copper-bearing rocks at the east 
side of the State; and of the outcrops of syenite, granite and gneiss 
in Benton and Stearns counties; most of which Professor Win- 
chell has examined and in part described in the earlier reports of 
this survey. 

Four counties, namely, Steele, Freeborn, Pipestone and Rock, 
which had been previously reported on, were again explored with 
special reference to the glacial drift; and notes were gathered for 
the general description of the following seventeen counties: Chi- 
sago, Isanti, Waseca, Faribault, Blue Earth, Brown, Watonwan, 
Martin, Jackson, Cottonwood, Redwood, Lyon, Murray, Nobles, 
Lincoln, Yellow Medicine and Lac qui Parle. 

Nine of these twenty-one counties have no exposure of the bed- 
rocks, and the greater part of each of the others is without such 
outcrops. Our observations therefore relate chiefly to the superfi- 
cial deposits of drift, and of these the portions which have added 
most to our knowledge of the succession of events in geological 
history, are the ranges of (kiit hills denominated terminal moraines. 
A remarkable formation or this class has been traced in an irregu- 
lar, looped course through Minnesota. Our exploration has also 
been extended southward into Iowa, in order to learn whether the 
two parts of this series which reach beyond the south line of the 
State are connected by a continuous, curving belt, being thus 
shown to have been formed at the same epoch. The present report 
treats principally of this formation, which is believed to have been 
accumulated at the margin of a vast ice-sheet that overspread the 
northern half of North America in the latest completed period of 
geological time, as the Antarctic continent and the interior of 
Greenland are now buried beneath ice thousands of feet deep. 
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THE GLACIAL DRIFT. 

The region covered by this exploration, like that lying next to 
the north, traversed by the writer in 1879, and described in that 
year's report, is thickly overspread by the glacial drift, with very 
rare exposures of the bed-rocks, except in deeply-excavated valleys, 
as of the Minnesota river. Along this river the drift-sheet is from 
100 to 200 feet thick, and it extends with a similar depth over the 
western two-thirds of Minnesota and over large areas in Michigan, 
Wisconsin, Iowa, Dakota and the region farther northwest drained 
by the Assiniboine and Saskatchewan rivers. 

Within the portion of Minnesota explored during these two 
years, the material of this thick sheet of drift nearly every- 
where is the unmodified deposit of the ice-sheet, composed of clay, 
sand, gravel and boulders, mixed indiscriminately in an unstratified 
mass. Very finely pulverized rock, forming a stiff, compact, unc- 
tuous clay, is its principal ingredient, whether at great depths or 
at the surface. This formation is denominated till, boulder-clay 
or hardpan. Layers of stratified gravel and sand are enclosed in 
this deposit, and are the source of the sudden inflow and rise o£ 
water frequently found in digging wells. 

The till upon the western two-thirds of this State has a dark 
blneish color, except in its upper portion, which is yellowish to a 
depth that varies from 5 to 50 feet, but is most commonly between 
15 and 30 feet. This difference of color is due to the influence of 
air and water upon the iron contained in this deposit, changing it^ 
in the upper part of the till from the protoxide state to hydrated 
sesquioxide. Another important difference in this till is that its 
upper portion is more commonly softer and easily dug, while be- 
low there is a sudden change to a hard and compact deposit, which 
must be picked, and is often three times as expensive for exca- 
vating. There is frequently a thin layer of sand or gravel be- 
tween these kinds of till, which have their division line at a depth 
that varies from 5 to 30 or very rarely 40 feet. Owing to the 
more compact and impervious character of. the lower till, the 
change to a yellow color is usually limited to the upper till. The 
probable cause of this difference in hardness was the pressure of 
the vast weight of the ice-sheet upon the lower till, while the up- 
per till was contained in the ice and dropped loosely at its melting. 

The motion of the ice-sheet upon this part of the State was 
from the north to the south or southeast, as is shown by the di-^ ^ 

rection in which the boulders of the drift in this region h^vieebei^A^jOOQlC 
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carried, and by the courses of glacial striae, or the scratches and 
^ooves worn on the surface of the bed-rock by stones and boul- 
ders pushed along in the ice. Most of the limestone boulders and 
blocks that occur frequently in the drift throughout western Minne- 
sota, are like limestone strata which are found in Manitoba; these 
are their nearest outcrops, but they may underlie the drift in por- 
tions of western and northwestern Minnesota. The boulders of gran- 
ite, syenite, gneiss and schist, which abound here and southward 
through Iowa to the limit of the drift in Missouri, have been de- 
rived from the Laurentian highlands north of Lake Superior, and 
from the broad area of these rocks which reaches southwestward 
across Minnesota to the Coteau des Prairies. The masses of cop- 
per that are found rarely in the drift of southern Minnesota and 
Iowa, west of the driftless area, were almost certainly brought 
from the vicinity of Lake Superior, and demonstrate that the cur- 
rent of the ice-sheet by which they were carried was first south- 
west and then south. Outcrops of the red Potsdam quartzyte are 
found at various places from New Ulm west-southwest to the 
James river. North from this district the drift contains no boul- 
ders of this rock, but southward they are common; and though 
this formation extends into Iowa only at its northwest corner, its 
fragments have been spread by the ice-current through the till of 
that State west of the Des Moines river and its east branch, but 
not farther east. 

Everywhere a great part of the material of the drift has been 
supplied by the rocks which form the region adjoining, in the 
direction from which the ice-current came. Boulders and pebbles 
of any peculiar kind of rock which can be referred to a particular 
source, are most abundant within the first ten or twenty miles 
from their parent ledges; and they diminish in numbers and aver- 
age size as the distance from their source increases. While 
the drift is always made up largely in this manner from the forma- 
tions of its vicinity, some parts of its mass, including both fine detri- 
tus and boulders, were gathered at great distances. Fragments of 
Laurentian rocks in the till south and west of Minnesota, appear 
to have been carried by the ice-sheet from 500 to 700 miles. 

Upon the district lying between the St. Croix and Mississippi 
rivers, along the St. Louis river to its bend in T. 51 , R. 20, and on 
both sides of Lake Superior, the till is reddish, its color some- 
times being nearly like that of red brick. Generally, also, the 
stratified gravel, sand and clay of this region' are similarly colored. 
Eastward these red drift deposits extend through nort)a§ir%WkQ9©Ql6 
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sin and the upper peninsula of Michigan and southward into cen- 
tral and southern Wisconsin at the east side of the driftless area. 
The color of this drift is caused, as Col. Charles Whittlesey has 
suggested"*", by the presence of a considerable portion of hematite, 
the anhydrous sesquioxide of iron, derived from the large areas 
north and south of Lake Superior, which are occupied by rocks 
bearing this ore. Boulders within this region have been trans- 
ported from the northeast to the southwest and south; and the 
courses of glacial striae are in these directions. The red till in 
eastern Minnesota was thus deposited by a part of the ice-sheet 
which came from Lake Superior, and extended southwestward to a 
limit that coincides approximately with the course of the Missis- 
sippi from Brainerd to Hastings; while in other parts of the State, 
blue till, colored yellowish near the surface, was formed by a part 
of the ice-sheet which moved from the northwest and north. 

The terminal moraines which form the principal subject of this 
report, show that the southern portion of the continental ice-sheet 
was divided into great lobes, each having a central current in the 
direction of its longer axis, with diverging currents bending from 
this and becoming perpendicular to its border. The red and blue 
tills were the deposits of two such ice-lobes which overspread Min- 
nesota from the northeast and northwest. During the most severe 
epoch of the ice age, before that in which the terminal moraines 
of Minnesota were accumulated, an ice-sheet reached much farther 
south, to a limit 20 to 100 miles southwest and south of the Mis- 
souri river and within a less distance north of the Ohio river. Por- 
tions of this glacial sheet, moving from the northeast, north, and 
northwest, enclosed an area about 150 miles long from north to 
south and 100 miles wide, lying principally in southwestern Wis- 
consin, but extending into Illinois, Iowa and southeastern Min- 
nesota, which was not covered by ice and has no till nor striae. 
This driftless area has a less average height than the adjoining re- 
gions which were glaciated. Climatic conditions of greater snow- 
fall and lower temperature seem to have produced the ice-fields, 
which lay at each side of this tract and were confluent farther 
south.! The wedge-shaped area of highland that reaches south- 
west from Keweenaw Point, at the south side of Lake Superior, 
and the depressions of Lake Michigan and Lake Superior, have 
also been regarded as the causes of this division of the continental 
glacier.:]: 

•On the Fresh -water Glacial Drift of the Korthwestem States, in.Sniithsonian Con^,.^^ 
trlbutions, 1864, pp. 8 and 9. C r^r^r^in*^ 

tProf. J. D. Dana, in Am. Jour. Kci., April, 1878 ; Third series, vol. x v., pp. 250— 255^0 OVLL 
tProl. N. H. Winchell, in fifth An. Rep. on Geol. Siir. of Minn., 1876, pp. 36 and 37 ; and O 

Frof. B. D. Irving, In Geology of Wisconsin, vol. ii, 1877. 
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The occurrence of this driftless tract shows that the ice-sheet 
which reaches farthest south was divided in portions that moved 
independently, with diverging and converging currents; and that 
in respect to the districts over which they extended, these glacial 
movements corresponded to the lobes that formed the southern 
part of the ice-sheet at the later time when the looped moraines of 
Wisconsin, Minnesota, Iowa and Dakota were pushed out at its 
margin. 

The red and blue tills were being deposited during each of these 
epochs, and where the blue overlaps the red, as in Hennepin 
county, both may have been formed while the ice-sheet reached to 
its farthest limit, covering all this region excepting the driftless 
area at the southeast. DifiFerences in climate, intervening between 
the early and late portions of this epoch, would then appear to 
have extended the ice-fields on the west, pushing back the glacial 
current which came from the northeast, by which the red drift 
was brought. The later ice-sheet which formed our terminal mo- 
raines was here divided into lobes that similarly advanced from 
the northwest and northeast, approaching near each other at the west 
and east borders of Minneapolis, and meeting in northern Dakota 
county, a few miles farther south. At this time the ice-fields mov- 
ing from the northwest extended here at least several miles east- 
ward over the edge of the earlier sheet of red till; and it may be 
found, by more full and detailed study of the terminal moraines 
through this part of the State, that all the blue till overlyingjthe 
edge of the red till was brought during this last glacial epoch, in 
which a new deposit of red drift was also spread over eastern Min- 
nesota to the moraine that was then formed by the ice-fields 
moving from the northeast. 

TERMINAL MORAINES. 

Within the last five years a very important contribution to our 
knowledge of the ice age has been made in the discovery of dis- 
tinct series of drift-hills which appear to have been accumulated at 
the margin of the continental ice-sheet, corresponding to the ter- 
minal moraines of alpine glaciers. The most notable of these 
deposits which have been found at the extreme limit of sclacial 
action is the series of drift-hills which has been explored by Pro- 
fessors Cook and Smock across northern New Jersey,* and by the 
writer through the entire length of Long Island, and on Block ^ j 

*AnniicU Report of tne State QeologUst for the year 1877, pp. 9-22, with map. ^V ^-J ^-'vJV IL i 
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Island, Martha's Vineyard and Nantucket.* Five to thirty miles 
north of this line a second morainic series extends from Port Jef- 
ferson eastward along the north shore of Long Island, through 
Plum and Fisher's islands, along the south shore of Rhode Island, 
forms the chain of the Elizabeth islands, and reaches along Cape 
Cod to its east shore.f In Pennsylvania the continuation of these 
moraines westward is now being traced by the second geological 
survey of that State. The extreme limit of the glacial drift haa 
not yet been found to be marked by extraordinary deposits in the 
interior of the United States; but a most notable series of termi- 
nal moraines, north of this line and probably contemporaneous 
with that of Cape Cod, is found, as shown by Professor Chamber- 
lin,J stretching across Ohio, and represented in northern Indiana^ 
southern Michigan, northeastern Illinois, and very remarkably in 
the Kettle Moraine of Wisconsin.§ 

Plate VI., at the end of this report, shows the course of this 
formation from central Wisconsin to the Coteau du Missouri, the 
direction of glacial movements, and the drif tless area. In Wiscon- 
sin this follows the descriptions and maps of the geological survey 
by Professors Chamberlin and Irving. The terminal moraine 
marking the limit of the ice-fields which pushed southwestward 
from Lake Superior in our last glacial epoch, continuous with the 
Kettle Moraine of Wisconsin, enters Minnesota at the west side of 
St. Croix lake, is crossed twice by the Mississippi, 7 to 10 miles 
south of St. Paul, and again between this city and Fort Snelling, 
and reaches thence northward between Saint Paul and Minneapo- 
lis, to the hills of Manomin and Mound View. Its course thence 
north and northwest to the Leaf hills has not yet been fully ex- 
plored. The plan for the field-work of 1881 covers this district 
and the valley of the Red river, which was occupied by the glacial 
Lake Agassiz during the recession of the ice-sheet, as partially de- 
scribed in my preliminary report for 1879. That report also de- 
scribed this terminal moraine in its course from the Leaf hills in 
southern Otter Tail county, southward through Douglas and Pope 
counties, eastward through Kandiyohi, Meeker and Wright coun- 
ties, and again southward through Hennepin, Scott, Rice and Le 
Sueur counties; showing that this series of drift hills, extending 
250 miles, if we include also the medial moraine that continues 50 
miles north from the Leaf hills to White Earth Agency, was accn- 

*jLmcrican Journal of Science and Arta^ Aug. and Sept.» 1879 ; Third series, vol. xvllL 
f American Naturaltst, Aug. and Sept., 1879 : vol. xiii. 

1" On the Extent and Siguiflcance of the Wisconsin Kettle Moraine," in Trar.Hoxtionii ^ ^^ ^^ ^^ ^ 
of Uic WisconMn Academy of Scieme, 1878. with maps. uigitizea Dy '^^OOQ IC 
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mulated at the northeast side of a prolonged lobe of the ice-sheet 
which reached from the Leaf hills southward into Iowa, having its 
west side at the Coteau des Prairies. 

The exploration of this terminal moraine in 1880, as detailed in 
the following pages, continues from the limit of the preceding 
year, at the south side of Rice and Le Sueur counties, through 
Steele, Waseca and Freeborn counties, and into Iowa to Mineral 
Ridge in northern Boone county, a distance southward of 140 miles; 
and reaches along the west side of the U-shaped course of this 
formation from the north part of Guthrie county, in Iowa, to 
Spirit lake and northeastern Osceola county at the north line of 
the State, across southwestern Minnesota upon the Coteau des 
Prairies, and into Dakota to t. 119, r. 50, in Grant county, 20 
miles southwest of Big Stone lake, a distance of 260 miles; making, 
upon both sides of this morainic loop, a total of 400 miles. The 
moraine described by Dr. C. A. White,* in Hancock and Kossuth 
counties, Iowa, at first supposed to mark the southern end of the 
ice-lobe at the border of which this curved series of hilly and 
knolly drift was accumulated, appears instead to be a medial mo- 
raine, connected with the east side of this loop which reaches 
southward beyond the center of Iowa. 

Beyond the western limit of this exploration in Dakota, our 
map is based on the various authorities which are cited in the de- 
scription of the apparently medial moraine which reaches from the 
Head of the Coteau des Prairies, west of Lake Traverse, 275 miles 
northwesterly to the Devil's lake and Turtle mountain, and of the 
looped terminal moraine which extends south at the west side of 
the Big Sioux river, then west across the lower part of the James 
river and northwest upon the Coteau du Missouri. The features 
of these moraines upon oui* national boundary at Turtle mountain 
and at the northwest corner of Dakota, the latter being outside 
the area of this map, are from Mr. George M. Dawson, of the 
Geological Survey of Canada. Still farther north the continuation 
of the moraine of the Coteau du Missouri is briefly described from 
the writings of the same author, and from the report of Prof. H. 
Y. Hind on explorations in the region of the Assiniboine and the 
South and North Saskatchewan rivers. 

Professor Hind also gives an account of channels that have been 
deeply excavated in the glacial drift, and have since become par- 
tially filled, so that the present streams flow through long lakes. 
The most remarkable of these channels or valleys is that which 
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reaches from the elbow of the South Saskatchewan to the Assini- 
boine river, being occupied by the River that Turns and the Qu'Ap- 
pelle or Calling river. Gen. G. K. Warren has called attention* 
to the similarity of these valleys with that which was the outlet of 
Lake Agassiz and now contains Lakes Traverse and Big Stone and 
the Minnesota river. The formation of the valleys described by 
Professor Hind may be well referred tp causes like that which is 
believed by the writer to have formed the Minnesota valley, name- 
ly, the existence of lakes within basins which slope to the north 
or northeast, held by the barrier of the ice-sheet during its reces- 
sion northward at the close of the glacial period, and outflowing 
over the present lines of watershed until the departure of the ice 
permitted drainage to take place as now. By applying this expla- 
nation to the ancient channels which evidently have carried large 
rivers southeastward over the watersheds of the basins of the South 
Saskatchewan and Souris rivers, we are enabled to note the suc- 
cessive steps by which the ice-sheet retreated. After it had been 
melted away upon Dakota and nearly to the north line of Minne- 
sota, it appears to have re-advanced, forming the apparently con- 
temporaneous terminal moraines of the Blue hills and the Me- 
sabi range, the former reaching 75 miles east from the lower part 
of the Souris or Mouse river, and the latter extending through 
northern Minnesota eastward from the sources of the Mississippi. 
Lake Agassiz filled the depression which lies between these mo- 
rainic series, concealing the coarser drift beneath its stratified sand 
and clay. 

The material of the terminal and medial moraines which have 
been explored during 1879 and 1880, extending 650 miles, is nearly 
everywhere till, or chiefly till with scanty deposits of modified 
drift. The latter consists of obliquely and irregularly stratified 
gravel and sand, the gravel often being very coarse, with pebbles 
and rounded stones of all sizes up to a foot or more in diameter. 
It either occurs enclosed in the till, forming beds and masses of 
variable shapes from a few inches to several feet in thickness, or 
rarely it is spread upon the surface and forms knolls and ridges. 
No considerable area or large portion of the entire mass of this 
formation is found to consist of this modified drift, assorted and 
deposited in layers by currents of water, within this region; but 
n some parts of the course of these series of terminal drift depos- 
its, as notably on Long Island, they are made up wholly, so far as 
can be seen on the surface and in excavations, of such stratified 

•An Essay concerninj 
nesota Biver and upon 



ig Important Physical Features exhibited in the Valley of the Attn-\^iiOOQ I C 
their Signification. Engr. Dept., U. S. Anny : 1874. - r-oy ^.^ v^^^^l^ 



290 ANNUAL REPORT. 

beds. The till of the moraines differs very noticeably from the 
more level areas ©f till which generally lie at each side; in that 
the former has many more boulders, and a much larger intermix- 
ture of gravel and sand than the latter. On an average, probably 
twenty times as many rock-fragments, both large and small, occur 
in the morainic hills and knolls as on the smoother tracts, and 
sometimes the ratio is a hundredfold. The smaller pebbles and 
stones have angular and unworn forms, or more frequently are 
rounded, probably by water-wearing before the glacial period, or 
show planed and striated surfaces, due to grinding under the mov- 
ing ice-sheet. The large boulders are mostly less than live feet, 
but rarely are ten feet or more in diameter. In form they are 
subangular and of irregular shape, rarely showing any distinctly 
water-worn or glaciated surface. 

In contour these deposits are very uneven, consisting usually of 
many hillocks, mounds and ridges of rough outlines and broken 
slopes with enclosed hollows, which are sometimes nearly round, 
but more generally have some irregular form, often holding 
sloughs and lakelets. The only indication of system appears in 
the frequently noticeable trends of the elevations and depressions 
in a direction approximately parallel with the course of the series. 
It should be added that the ridges which occur as part of this for- 
mation differ from the ridges of interbedded gravel and sand called 
kames, in their material, which is boulder-clay or till; in their 
trend, at right angles with the course in which the ice moved, 
while series of kames extend nearly in the direction taken by 
glacial currents; and in their length, single ridges of the moraines 
being only from a few rods to a quarter of a mile or very rarely 
perhaps a half mile long, while a single ridge in a series of kames 
is generally longer, and is sometimes distinctly traceable ten or 
twenty miles. In this State, however, prolonged kames, compara- 
ble with those of Sweden and Scotland, and those recently de- 
scribed in Maine by Prof. George H. Stone, in Massachusetts by 
Rev. G. F. Wright, and in New Hampshire by the writer, have not 
been found. Besides the very rough, knolly and ridgy portions of 
moraines, in some other districts within the extent of these explo- 
rations they have only a prominently rolling surface, moulded in 
smooth swells of moderately steep and gracefully curved slopes, 
also trending, wherever any uniformity is noticeable in the direc- 
tion of the series. Neither these nor any other drift accumula- 
tions observed in this region have the smoothly oval contour of , 
the remarkable lenticular hills of till described ii)3EeBipf,j<J^H.N:LC 
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Hitchcock and other writers in New England; and the trends of 
these two classes of drift hills differ ninety degrees in their relation 
to the course of motion of the ice-sheet. 

The height of the moraine elevation above the intervening hol- 
lows is generally from 25 to 75 or 100 feet. The only district 
where they are higher for any considerable part of the series is the 
Leaf hills, which through a distance of 20 miles rise from 100 to 
350 feet above the adjoining country. Upon the Coteau of the 
Prairies and the Coteau of the Missouri moraines lie on areas of 
highland, to the altitude of which they appear to add 75 or 100 
and rarely 150 or 200 feet. 

For agriculture the value of these terminal and medial moraines 
is much less than that of the gently undulating till which gener- 
ally covers other parts of this region. Among the hills of this for- 
mation, however, are found considerable areas which have a smooth 
surface, nearly free from boulders, and possess a highly productive 
soil. In other districts the entire morainic belt is in smooth 
swells, being all good farming land. The portions which are too 
knoUy and stony for desirable cultivation afford excellent pasturage; 
for the greater part of this formation like the region through which 
it extends, is prairie, or natural grass lands, without tree or bush. 
Its rough and hilly belts occupy at the most, only a width of a few 
miles, and nowhere merit the description which Owen, usually a 
very accurate observer, gave of them in northern Iowa, where he 
reported that ''a desolate, barren, knobby country pre- 
vails for about three quarters of a degree of latitude, and between 
three and four degrees of longitude, embracing the watershed 
where the northern branches of the Red Cedar and Iowa, and the 
eastern branches of the Des Moines, take their rise."* The south- 
ward continuation of the Minnesota moraines has been traced by 
the writer, as hereafter described, through this district, which is 
found with the exception of narrow belts, to be like nearly all the 
region explored during these two years, very productive and easily 
cultivated land. 

Among the principal additions to our knowledge of the glacial 
period afforded by the explorations [here reported, we may place, 
first, the occurrence of two well marked morainic series, composed 
of hilly and knolly drift, each a few miles in width, divided by a 
belt of smoother surface, from two or three to twenty-five miles 
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wide, extending throiigh nearly this entire distance of 400 miles. 
This is found to be the character of the deposits accumulated both 
at the east and west borders of the ice-lobe, which reached south- 
ward from Minnesota to central Iowa. In Yellow Medicine and 
Lac qui Parle counties a third morainic range extends through a 
distance of forty miles, and is continued beyond in Dakota. As 
the course of the formation makes a loop like the letter D, having 
been accumulated by ice-fields covering the district enclosed, the 
outer moraine on each side is known to have been first made; thent 
after a retreat of the ice-sheet, probably followed by a re-advancet 
the inner moraine was formed: and, lastly, the third range, which 
lies still farther within this area; for the inner series would have 
lost their roughly knoliy and hilly contour, if they had been cov- 
ered by a moving ice-sheet, forming terminal deposits beyond them. 
Since the observation of this twofold, and in part threefold char-^ 
acter of this formation, the writer finds that Professor Chamber- 
lin records it as similarly exhibiting three distinct morainic belts^ 
divided by smoother tracts, in a section between Black Brook (T. 
32, R. 16) and St. Croix Palls, at tlie west side of Wisconsin.* 

A second observation of much importance is that the abundance 
of lakes which dot the maj) of Minnesota and northern Iowa, ex- 
tends only to the outer line of the moraine here described, which 
appears to have been accumulated at the border of the ice-sheet in 
our last glacial epoch. In southeastern Minnesota the glacial drift 
reaches fifty miles farther east to the driftless area, and in south- 
western Minnesota covers Pipestone and Rock counties, beyond 
this moraine; but within these districts, and upon the large area in 
eastern and southern Iowa, and in northern Minnesota, which are 
covered by drift, lakes are very rare, and none of any considerable 
size exist. Professor Chamberlin has also noted the same pres- 
ence of many lakes alonpj the belt of the Kettle Moraine and north- 
ward in Wisconsin, and their absence from the region southward. 
As to what this remarkable difference teaches concerning the rela- 
tive age of the drift upon these areas, or the conditions attending 
the earlier epoch, when an ice-sheet extended much farther souths 
we are not yet prepared to express an opinion. 

Another point to which we wish to call the attention of glacial- 
ists is the great length, in proportion to the width, of the ice-lobe 
which accumulated at its east and west sides the looped moraine 
that reaches, in nearly parallel belts, from the Leaf hills 400 miles, 
and from the Head of the Coteau des Prairies 300 miles, south- 
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southeast to central Iowa. The distance between the exterior lim- 
its of these belts, which measures the width of this ice-lobe at its 
greatest extent, is from 86 to 125 miles. If we compare this with 
its length, and consider the approximating local and uniform char- 
acter of the district covered by the ice, and the areas at each side 
which it did not cover, it seems to be a necessary conclusion that 
this prolongation of the ice-sheet beyond the great expanse which 
it wholly covered farther north, was due principally to greater 
snowfijl and colder temperature upon the district occupied by this 
ice-lobe, than on the adjoining areas at the east and west. Some 
portion of these ice-fields was doubtless supplied by a glacial cur- 
rent from the north, but the greater part was apparently the re- 
sult of local climatic conditions. The maps accompanying Pro- 
fessor Dana^s article on the causes of the driftless area, already re- 
ferred to, indicate that, the present aqueous precipitation upon 
these districts continuing unchanged, a very cold climate would be 
likely to produce an ice-sheet lobed like that of our last glacial ep- 
och; and tha^, with increased cold, it might extend farther south, 
enclosing an area not covered by ice. 

The origin of the series of drift hills here described is confident- 
ly referred to the action of the continental ice-sheet, accumular 
ting then at its margin and in medial lines within the ice-covered 
areas where converging glacial currents were pushed together. 
This conclusion is required by the partly near and partly remote 
sources of their material; by its generally unstratified condition; by 
its transportation next to these hill-ranges in courses nearly at 
right angles toward them, and by the variable elevation of the se- 
ries, conforming to all the irregularities in altitude of the region 
across which it extends. Tables of heights, determined by railroad 
surveys within this region, and a list of elevations of these mo- 
raines, are placed at the close of this essay. 

Directions in which glacial currents moved are shown on the 
map by arrows and dotted lines, which in this State represent the 
observations recorded in the following table. 

Courses of Glacial Strice in Minnesota^ 
Referred to the true meridian. 

North shore of Lake Superior (Norwood and Whittlesey) S. 25"— 45*' W. 

Vermilion lake (Whittlesey) S. 15° W. 

Rainy lake (Whittlesey) S. 40*— 60"* W. 

Lake of the Woods (G. M. Dawson) mostly S. W. 
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JDuluth W. S. W. 

Hinckley, Pine county S. 5° W. 

Watab, Benton county ? S. 15° W. 

St. Croix FaUs (Cbamberlin) S. 35° E. 

Minneapolis, Nicollet island S. 5° E. 

Minneapolis, Hennepin island b. 22° E. 

Minneapolis, quarry opp. University S. 12° E. 

Big Stone lake S. E. 

Granite Falls S. 45*'— 50° E. 

Beaver Falls S.60° E. 

Fort Ridgely S. 60° E. 

Redstone, near New Ulm S. 25° E, 

Jordan S. E. 

Posen, Yellow Medicine county S. 50° E. 

Echo, Yellow Medicine county S. 50** --55° E. 

T. 111. R. 38, Redwood county S. 50°— 60° E. 

Stately, Brown county S. SO**- 55° E. 

Germantown, Cottonwood county S. 30° E. and S. 70° E. 

Dale, Cottonwood county S. 20°— 35° E. 

Amboy, Cottonwood county S. 35°— 70° E. 

Delton, Cottonwood county S. 15°— 80° E. 

Selraa, Cottonwood county S. 18**— 22° E. 

Adrian, Watonwan county S. 20°— 30^ E. 

Pipestone quarry S. 20°— 30° W. 

Mound. Rock county S. 25°— 35° VV. 

1}4 miles N. W. from last S. and S. ^5° W. 

Northwest comer of Iowa (White) S. — S. 8' E. 



THE TERMINAL MORAINE IN STEELE, WASECA AND FREEBORN COUNTIES. 

South from Faribault to the Iowa line this formation consists of 
two belts of knolly and hilly till, from one to several miles in 
width, extending from north to south, divided by a tract of gently 
u adulating till, from six to fifteen miles wide. In Steele county 
the eastern or outer morainic belt extends through Merton, Ha- 
vana, Aurora and Blooming Prairie, its eastern range of townships. 
It occupies the greater part of Merton, at the northeast comer of 
this county; but its hillocks, mounds or swells are only from 20 to 
30 and rarely 40 feet high. Most of them consist of till, or drift 
clay, enclosing boulders; but here and there are mounds of irregu- 
larly stratified fine gravel and sand. The east third of Havana has 
a similar rolling surface, bordering the west part of Rice lake. 
Through Aurora this moraine is well exhibited in scattered monnds 
and hillocks, 15 to 40 feet high. On the road from Owatonna to 
Blooming Prairie and Austin, it is crossed in sections 9, 15 and 22, 
being here about three miles wide. At Aurora station, and for 1\ ^ 
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miles sotilli, this {ormation is finely seen at the east side of the 
railroad, bj which it is crossed in section 28. The boundaries of the 
moraine are very definite in this township. Its narrowest place in 
the county is found in section 28, north of which it is indented on 
its northVest side by a tract of lowland and marsh, which lies next 
west of the railroad, reducing the width of the hilly tract to one 
mile. At the west and southwest this quickly widens again to two- 
or three miles, covering sections 29, 30, 31 and 32, of Aurora, and 
sections 25 and 36 of Somerset, with a profusion of knolls and 
hiHs, ^ to 50 feet high, sprinkled with boulders, principally gran- 
ite and gneiss, mostly less than two feet in diameter, with occa- 
sional blocks or slabs of limestone, sometimes 6 or 8 feet long. 
These elevations are seldon prolonged more than a few hundred 
feet. The trend of their large axis is more frequently from east 
to west than otherwise, but this is not very noticeable. From the 
southeast corner of Somerset the moraine turns southward, and 
extends in typical hills and short ridges through the west two ranges 
of sections in Blooming Prairie. Here the trend of its separate 
elevation is most frequently from north to south, being parallel, as 
before, in its east to west trends, with the course of the whole se- 
ries. In the west part of sections 8 and 17, Blooming Prairie 
these rough hillocks are well exhibited, being 20 to 50 feet above 
the depressions, and 75 or 100 feet above the neighboring creek. 

Thi^ eastern belt of drift hills and knolls in Freeborn county is 
from a half mile to one and a half miles wide. It extends south, 
through Newry, Moscow and Oakland, in the east range of townships 
of this county, and next passes southwest through the southeast cor- 
ner of Hayward and the center of Shell Rock, the two southern 
townships of the range next west, iiore exactly, its course in 
Newry is through sections 5, 9, 16, 21, 28 and 33, and in Moscow 
through sections 4, 9, 16, 20, 30 and 31. The roughest of this se- 
ries in Freeborn county is in the school section 16, in Newry, 
where it presents the typical morainic contour in abundant small 
hills, short ridges, mounds and hollows through and over which 
a road extends from north to south. In Oakland and Shell 
Rock this morainic belt forms the water shed between the Cedar 
and Shell Rock rivers. Its course is through sections 6, 7, 17, and 
the east part of 18, 19 and 30, Shell Rock. This range is gener- 
ally 25 to 50 feet above the smooth and nearly level or gently un- 
dalating till on each side. 

The western or inner moraine lies in eastern Waseca county, and ^ 
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in the southwest edge of Steele county, and extends from north to 
south in Freeborn county by Albert Lea. The width of this mor- 
ainic belt varies from three to ten or twelve miles. Its hills are 
almost universally till or unmodified glacial drift, rising in smoothed 
but variable slopes, and exhibiting no parallelism or system in 
their trends. From Okaman, at the north line of Waseca county, 
southeastward through the northeast part of losca and in the 
southwest corner of Bloomiug Grove, two miles north of Waseca, 
these elevations are 30 to 50 feet high. Through Woodsville, with- 
in two to four miles east and southeast from Waseca, inconspicuous 
scattered drift hills and mounds, constituting a generally rolling 
surface, represent the morainic series. In Otisco, the next town- 
ship south, it rises to its usual prominence in section 5, one and a 
half miles east of Wilton, where we find numerous steep ridges 
and round or irregular hills, more strewn with boulders than th# 
other portions of this township, which are moderately rolling and 
occasionally hilly. The east two ranges of sections in New Rich- 
land are mainly covered by morainic mounds, swells and hills, 30 
to 50 feet above the intervening hollows. In Steele county this 
formation occupies the northwest part of Meriden and the western 
two-thirds of Lemond and Berlin townships, being here made up 
of massive swells of smooth contour, 20 to 40 feet above the fre- 
quent depressions, many of which contain sloughs. The east por- 
tion of this rolling land is three or four miles west of Straight 
river. The greater part of the basin of the Shell Rock river in 
Freeborn county is included in this morainic belt, which expands 
to a breadth of 8 to 12 miles. In range 21, this includes Bath, 
Bancroft and Albert Lea townships, and the northwest half of 
Freeman, in range 22, the ^utheast third of Hartland, Manches- 
ter, except its west margin. Pickerel lake, exepting sections 6, 7, 
and part of 18, and Nunda, and in range 23, the southeast comer 
of Alden, and Mansfield, the southwest township of the county. 
In Mansfield these drift hills enclose a large plain of modified drift 
which extends five miles west from Bear lake. The hills of this 
belt are mostly rather smooth swells of gracefully rounded out- 
lines, but often with steeply sloping sides. No prevailing trend is 
noticeable. Their most conspicuous developement is found about 
three miles west-northwest from Albert Lea. being within a mile 
westward from White lake in sections 1 and 2 of Pickerel lake 
township. Here their crests are from 75 to 100 feet above the 
hollows; and in other parts of this county they are generally from 

40 to 60 feet high. ^n^r^r^Jo 
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Prominent drift hills which occur in Kiester, the southeastern 
township of Faribault county, are so closely connected with this 
moraine in southwestern Freeborn county, that they appear to be 
a part of the same belt, and are probably a terminal deposit of the 
ice-sheet. If so, these hills show that near the close of this glacial 
epoch the ice-margin here became indented by a re-entrant angle, 
between the two confluent ice-currents by which the medial mor- 
aine that reaches northwest across this county was formed. The 
most hilly portions of Kiester are its south side for a width of one 
mile, and a belt through its northeast portion from sec. 13 to sees. 
3 and 4. The last mentioned hills are the most conspicuous of 
this region, and are visible fifteen miles to the north and west. 
Their height is from 100 to 200 feet above the lowland in these 
directions and above Bear lake ia Freeborn county; the highest 
points, which are in the southwest quarter of section three, being 
about 1400 feet above the sea. These are massive hills of till, of 
irregular outlines, but trending somewhat more from east to west 
than in other directions. 

Northwest from the Kiester hills, a belt of hilly or more or less 
Tolling land, believed to be contemporaneous in origin with the fore- 
going, and formed as a medial moraine by conveying ice-currents 
reaches twenty miles to the southwest part of Lura; and ten miles 
beyond appears to be represented by a hilly and rolling tract in 
the northwest part of Sterling, in Blue Earth county. In Foster, 
the township next north of Kiester, it is boldly rolling in hills of 
till 50 to 75 feet high, from section 28 north and northwest by 
Rice Lake, where it extends with a width from one-half mile to 
one mile at each side of the lake. Still farther northwest the 
same contour and material border the east, north and west sides of 
Walnut lake, including the most of sections 25 to 28 and 33 to 36, 
of Walnut lake township. In sections 16 and 8, 2^ to 6 miles 
northwest f . om this lake, is an area of swells, knolls, and north- 
west to southeast ridges, 30 to 40 feet high, of very gentle slopes, 
composed mainly of stratified sand and fine gravel, as shown by 
wells, which do not penetrate these deposits of modified drift at the 
depth of 50 feet. In Barber, the township next west, a promi- 
nently rolling tract is found about the little lakes in sections 14, 
15, 22 and 25. The material here is till, and its swells or hills are 
SO to 50 feet above the hollows. Through six miles thence north- 
west a more or less rplling surface of the unmodified glacial drift 
continues in a belt about two miles wide, to the south-west part of 

Lura and the east edge of Delavan. This morainic belt divides two^^^^T^ 
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extensive areas of till, which are characterized by a very smooth^ 
flat surface. 



EXPLORATION OF THE TERMINAL MORALNE IN IOWA. 

The course and general character of this formation in its con- 
tinuation from Freeborn county southward into Iowa, have been 
explored through portions of Worth and Winnebago counties^ 
Cerro Gordo and Hancock, Franklin and Wright, Hardin and Ham- 
ilton, Story and Boone counties, to Mineral Ridge in northern 
Boone county, 90 miles south of the Minnesota line. Through 
the north half of this distance it continues in two belts of hilly 
and knolly or rolling till, from one to five miles in width extend- 
ing approximately from north to south, nearly parallel with each 
other, and divided by a tract of slightly or moderately undulating 
till, 5 to 15 miles wide. At the northeast comer of Hancock 
county, these belts are united by a notably morainic area, three or 
four miles in width, lying at the north side of Lime creek, and 
culminating in Pilot Mound, which is about 200 feet high, being 
the most prominent hill found in the whole extent of this moraine 
in Iowa. Westwiu-d from Pilot Mound, a typically morainic belt* 
varying from one half mile to three miles in width, extends in 
northern Hancock county along the north side of Lime and Silver 
creeks, passing about a mile south of Forest City, and by Lake 
Eldward, Crystal lake, and BuflFaloGrove, to Lake George, terminat- 
ing ten miles west of the principal north to south moraine, of 
which it appears to be a medial branch, produced by convergent 
ice-currents. Forest City and Lake Edward are respectively five 
and ten miles west of Pilot Mound, and from them another tract 
which has frequent moraineaccumulationsof similar medial origin^ 
varying in width from three to six miles or more, reaches north- 
westward forty miles through western Winnebago county and 
northeastern Kossuth county, to East Chain and Fairmont, in 
Minnesota. 

South from Pilot Mound in Hancock county, this terminal line 
of drift hills has no branch like the foregoing for the next seventy 
miles, to Mineral Ridge, which may have had a similar origin, but 
is believed to be more probably an inner belt of the terminal mor- 
aine, though the cause of its outer series, supposed to continue 
southward, has not been explored. Conspicuous portions of this 
formation are found in eastern Wright county, and in the south- 
west part of Franklin county; and its entire extent has \PpJV3Qlp 
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nently undulating, rolling, or hilly contour, in notable contrast 
with the smooth, slightly undulating and often nearly level areas 
at each side. The material of these tracts is chiefly till, with the 
occasional exception of plains of stratified gravel and sand, which 
extend a few miles east or southeast from the moraine. These 
deposits of modified drift are believed to have been brought by riv- 
ers that flowed down from the surface of the ice-sheet at the west. 
Irregularly bedded gravel and sand occur frequently in the hillocks 
of the moraine, sometimes forming their entire mass, but quite as 
often in pockets or beds of small extent and varying from less 
than one foot to ten feet or more in thickness, included in the till 
which almost universally makes up the greater part of this forma- 
tion. Aside from such enclosed layers of modified drift, this till 
rarely shows any marks of stratification, and contains more boul- 
ders than upon its nearly level tracts. 

In Worth county the eastern belt of this moraine enters Iowa in 
sections 8 and 9, Northwood, and extends four miles southwest, 
with a width of about 1^ miles, to section 24, Hartland; and then 
three miles south to the northeast corner of Brookfield. It con- 
sists of uneven swells and hills, 30 to 40 feet above the interven- 
ing hollows, and 50 feet above Northwood, which is situated 1^ 
miles southeast, on a plain of valley drift about 20 feet above the 
Shell Rock river. Next this belt appears to be broken and re- 
moved by an offset six miles to the west; and thence its coursers 
south through the east part of Bristol, and through sections 2, 11, 
14, 23, 27 and 33, Fertile, its southeast border, being about J mile 
northwest of Rhode's Mill, in section 34. In these townships the 
formation is in knolls, hillocks and short ridges, trending to the 
south or southwest, and 30 to 60 feet high. At the south west cor- 
ner of this county these raorainic hills become more abundant and 
abrupt, and form a very rough wooded belt two or three miles 
iivide, for a distance of six miles west from Rhode's Mills to Pilot 
Mound. This tract includes parts of four counties, and is bounded 
on the north by Lime creek. 

In Cerro Gordo county the eastern morainic series is represented 
by a rolling, partly wooded tract, south of Lime creek and 75 feet 
above it, extending about two miles southeast from Rhodes' Mill, 
and then turning south. Its i^ext eight miles to Clear lake are a 
moderately rolling belt from one to two miles wide, and 50 feet 
higher than the smooth expanse, which reaches thence eastward as 
far as the eye can see. At the south side of the east part of Clear ^ ^ 

lake, this moraine occupies a width of about one mile, and is crossed J OOQlC 
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by the road to Belmond; it here consists of many mounds and hil- 
locks, not rising above the general level of the smooth land at each 
side. Its farther course has not been traced; but the east side of 
the southwest township of this county, 9 to 15 miles south of Clear 
lake, reported to have a rolling and knolly surface, probably be- 
longs to this morainic series, and suggests that it will be found tO" 
extend approximately south through the east part of range 22 in 
southwestern Cerro Gordo and northwestern Franklin counties^ 
joining the western belt of this moraine at the southeast corner of 
Morgan, 10 miles north of Alden. 

About a third part of Winnebago county is covered by these 
hilly drift deposits. Their principal belt, which is the continual 
tion of the range seen at Albert Lea and east of Bear lake in 
Freeborn county, enters Iowa at the northeast corner of Winneba- 
go county and extends south with a width of from two to four miles, 
through the townships of range 28, between Lime creek and the 
east line of the county, to Pilot Mound. The southeast border of 
this belt is quite definite at a point two miles north and again at 
one mile west of Lake Mills. Here and southward it consists of 
massive hills of till 40 to 75 feet high. A branch of this moraine^ 
consisting of rough hills, strown with many boulders, and occupy- 
ing a width of about two miles, crosses Lime creek a few miles 
south of the State line, and extends northwest into Kiester, the 
southeast township of Faribault county. Northeast from this 
tract is a plain of modified drift, reaching five miles to Bear lake. 

The medial moraine which extends northwest from Forest City 
and Lake Edward attains its greatest height in the north part of 
T. 98, R. 25, where it is 100 feet above the general level. In 
northeastern Kossuth county this tract expands to a width of ten 
miles and reaches from Ramsey, at the east side of Union Sloughy 
north and northwest to the State line, lying on both sides of the 
head stream of the Blue Earth river. Its northeast border reaches 
1^ miles into the south edge of Elmore and Pilot Grove in south- 
western Faribault county, forming hillocks and short east-to-west 
ridges of till, 30 to 50 feet high. Thence these accumulations of 
till occur scatteringly in southeastern Martin county to East Chain 
and less prominently to Fairmont. Their contour in these town- 
ships is seldom rough, but rises in swells 25 to 50 feet above in- 
tervening depressions, with trends more frequently from north- 
west to southeast than in other directions. 

In Hancock county the western and principal belt of the ter- j 
minal moraine extends from Pilot Mound six miles southwest and^^^C 
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then nearly due south through range 24. Pilot Mound in the 
north part of section three, Ellington, rises about 250 feet above 
Lime creek, which is two miles farther south. A multitude of 
rough drift hills, meunds and short ridges, 60 to 100 feet lower 
than this, reaches six miles eastward and two or three miles to the 
west and northwest. All these accumulations are till, trending 
more frequently from east to west than otherwise, of all heights 
from 25 to 100 feet above the intervening depressions, which are 
often bowl-shaped or irregular hollows, containing sloughs. The 
top of Pilot Mound is some 200 feet above the average of the coun- 
try to the north and south, and from 100 to 150 feet above the 
sloughs in its vicinity. The hills of Kiester, in Minnesota, 22 
miles distant, are visible but not prominent, bearing N. 10® W.* 
The highest hills seen in Winnebago county are those in the north 
part of T. 98, R. 25, bearing N. 65® W.* and twelve miles distant. 
South from Pilot Mound the morainic contour reaches li^ miles, 
and is succeeded by a plain of stratified sand and gravel, one-third 
mile wide, on the north side of Lime creek and 15 to 25 feet above 
it. These tracts are mainly wooded, but south of this creek the 
surface soon rises 40 or 50 feet to a broad prairie of moderately un- 
dulating till. From Forest City and Silver creek the terminal 
moraine passes south in a rolling and knoUy tract which is from 
two to three miles wide, through the center of Madison; six miles 
wide in the north part cf Garfield, reaching from the east fork of 
the Iowa river to Eagle lake; and about three miles wide through 
the west half of German and of T. 94, R. 24, bordering and cross- 
ing the west fork of the Iowa river, and including the Twin lakes. 

The hillocks and swells of this tract consist principally of till. 
They are from 30 to 60 feet high, and average about 40 feet above 
the comparatively level areas on the east and west. Their pre- • 

vailing trend, like that of the frequent sloughs of this region, is 
approximately from north to south. A plain of modified drift is 
found east of this moraine, reaching five miles from Concord and 
Gamer northeastward. At Garner this is stratified clayey sand 
and fine gravel, underlain by till, which forms the gently undulat- 
ing surface at Concord and thence south through Ell and Avery. 
In this drift sheet the east fork of the Iowa river has cut a chan- 
nel or valley, which increases in size till at the south line of the 
county it is one-third mile wide and 75 feet below the general level 
to which the ascent is by steep bluffs. 

A conspicuously rolling, hilly and knolly tract branches from the^ j 
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terminal moraine in the north edge of Hancock county, and ex- 
tends ten miles westward to Lake G^eorge, beyond which the con- 
tour on all sides is smooth and only slightly undulating. Many of 
the hillocks and ridges of this tract trend nearly from east to west. 
Their material is till, often containing an abundance of boulders. 
Their height along the north side of Silver creek, in sections 9, 10 
and 11, Madison, is 20 to 50 feet, and nearly the same about the 
lakelets in sections four and five of this township. Lake EdwanL 
Crystal Lake, Lake Oeorge, and the series of sloughs and lakelets 
which reaches three miles southeast from the last, are bordered by 
very rough, morainic bluflFs, which rise steeply 60 to 75 feet at the 
north side of these lakes. Their top is the edge of a plateau of 
till, which extends four to eight miles north with a nearly level 
but slightly undulating surface. Prominent hill ranges of equal 
height occupy a width of two miles south of Lake Crystal, and of 
one mile southwest from Buffalo Grove and Lake George. Toward 
this tract, if it is a medial moraine, currents of the ice sheet and 
descending slopes of its surface converged from the northwest 
and southwest. Rivers produced by glacial melting would accord- 
ingly flow upon the surface of the ice to this lowest portion of its 
border; and we find modified drift which was apparently brought 
by such streams, forming plains that extend several miles south- 
east from Lake Edward and cover a width of four miles half way 
between Clear lake and Britt. The only kames observed are at the 
southeast sides of Crystal lake and Lake Edward, and consist of a 
few mounds and ridges ten to fifteen feet high, composed of irregu- 
larly bedded gravel and sand. 

In Wright and Franklin counties the terminal moraine extends 
south four miles to Gertrude or Twin Sisters lakes, four miles 
west of Belmond ; thence south, southeast eighteen miles, by the 
east sides of Cornelia (or Little Wall) and Elm lakes, into Vernon. 
the southeast township of Wright county ; and next east, and 
southeast nine miles, and then south six miles, crossing the Iowa 
river at the east side of Wright county, and lying on the north 
and east boundaries of Oakland, the southwest township of Frank- 
lin county. Its width along this distance is from one and one-half 
to three miles ; the material is till, often enclosing and strown 
with many boulders of granites, schists and limestone ; in height 
its knolls, ridges and hills vary from ten to one hundred feet above 
the intervening hollows ; and their trends, wherever any system 
is noticeable, are parallel with the course of the moraine. The 
elevation of this hilly belt above the smooth expgMfi^gf^Jjj^alc 
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each side is mostly from forty to seventy-five feet, but due east 
from Clarion, it does not rise above the general level. This 
moraine is crossed by the road from Belmond to Clarion, and is 
there one and one-half miles wide, and consists of many small hills 
and ridges ten to forty feet above its enclosed hollows of irregular 
form, which contain frequent lakelets and small sloughs. Its 
lieight above the Iowa river gradually rises from fifty feet at its 
east side to one hundred and twenty-five or one hundred and fifty 
feet at the west ; and it is succeeded by gently undulating till, 
"vv^hich maintains about the same height as the upper portion of 
the moraine and extends indefinitely westward. One to two miles 
farther north, in the vicinity of Gertrude lake, these morainic hills 
rise fifty feet higher ; and thence a medial branch of this forma- 
tion reaches three miles westward in the north part of sections 1, 
^ and 3, Lake (T. 92, R. 25), culminating in the "Big Mound," 
iwhich appears to be the highest land in Wright county. The 
most broken portion of the moraine in this county is ten miles 
southeast of Clarion, in sections 32 and 33. Blaine, and 4, Vernon, 
consisting of many mounds and short ridges, twenty-five to 
seventy-five feet above the intervening hollows, fifty feet above 
the smooth land westward, and about one hundred and twenty-five 
feet above the Iowa river. Southeastward this moraine reaches in 
low knolls to the east half of section 26, Vernon ; but its most 
conspicuous deposits are found on the opposite side of the Iowa 
iriver, in southwestern Franklin county, extending east and then 
south at the north and east sides of Oakland, averaging two miles 
in width, about half of which is in Morgan and Lee townships, 
next on the north and east. This belt is very rough with many 
hillocks and short ridges, generally trending in the same direction 
with the series, composed of till with abundant boulders, and 
divided by depressions which often contain sloughs or lakelets. Its 
height is fifty to seventy-five feet above the smooth areas of till on 
each side, and about one hundred feet above the Iowa river. The 
south part of this formation in Franklin county, lying a few miles 
north of Alden, is commonly called the *'Blue Mounds.'' 

Between Alden and Story City the course of the moraine coin- 
cides approximately with the line which divides Hardin and 
Hamilton counties, but scarcely enters the latter, excepting for a 
distance of eight miles at its southeast comer. In northern Hardin 
county the line of this formation is again crossed by the Iowa 
river, southwest of which it reappears in a knolly belt of gravelly 
till, fifty feet above the general level both to the east an^eP^^stjOOQlC 



304 ANNUAL REPORT 

This lies between one-half mile and two miles west of Alden, and 
thence extends twelve miles south, southwest and south along the 
west border of Hardin county, reaching one-fourth or one-half 
mile west of the county line and one to two miles from it eastward. 
Here and in southeastern Hamilton county it is moderately undu- 
lating till, often containing many boulders. Its crests are twenty 
to thirty feet above the depressions, and twenty-five to fifty feet 
above the adjoining country. Six to eight miles north of the 
south line of these counties, the width of this rolling tract is 
increased to three miles, lying mostly in Hardin county. Thence 
its course is deflected southwestward and its width narrows to one 
mile in the south part of Scott, the southeast township of Ham- 
ilton county. Its last mounds and knolls seen east of Story City 
are in sections 28 and 33, Scott, rising forty to sixty feet above the 
flat area of till, which reaches thence one and one-half miles west 
and southwest and indefinitely toward the south and southeast^ 
being about thirty-five feet above the Skunk river and twenty to 
twenty-five feet above its bottomland. Beyond the valley eroded 
by this river, the same plain of till extends two miles to the south- 
west and indefinitely to the northwest from Story City. At its < 
southwestern limit a prominently rolling and hilly tract of till 
rises fifty to seventy-five feet higher and extends thence twenty- 
five miles west through the northern tier of townships in Boone 
county. 

The Des Moines river intersects this range eight to ten miles 
north of Boone and Ogden. East of the river it is widely known 
as Mineral Ridge; and a kame-like hill 1| miles west of the Des- 
Moines, and two miles south of the main series of this moraine<» 
but doubtless accumulated at nearly the same time, is called Pilot 
Mound. The width of this belt averages about three miles. It 
extends westward through the center and northwest quarter of 
Harrison, the northeast township of Boone county, where its 
height is 125 to 150 feet above Squaw creek; but this elevation is 
due, at lefist in some portions, to underlying bed-rock, which was 
encountered at a depth of 35 feet, by wells upon this range in Sec. 
16, Harrison. Its material here and westward is till, in which 
boulders often abound, being of all sizes to 5 and rarely 10 feet in di- 
ameter. This belt occupies the north part of Dodge, the township to 
the west, in which its height contains nearly the same, being about 
50 feet above the smooth areas of till that stretch as far as the 
view reaches to the north and south, and about 250 feet above the 
Des Moines river, which has here cut a valley 200 feelz^^ceepxjiTiQQlC 
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largest hills and ridges of this district are in Sec. 6, Harrison, and 
Sec. 1, Dodge, where they trend nearly from east to west, and rise 
75 or 100 feet above adjoining depressions; but because of their 
comparatively low position they do not overtop other portions 
which have a less broken surface. The contour of the moraine at 
the village of Ridgeport or Mineral Ridge, three miles east of the 
Des Moines river, and for the next six miles east, as also along the 
north edge of the county for six miles west of the Des Moines 
river, has been well described by Dr. C. A. White, who writes; 
"■It consists, to a considerable extent, of a collection of slightly 
raised ridges and knolls, sometimes interspersed with small shallow^ 
ponds; the whole having an elevation probably nowhere exceeding 
fifty feet above the general surface, but being in an open prairie, 
it attracts attention at considerable distance.*" 

Pilot Mound gives its name to the township in which it is situ- 
ated. This is nearly a round hill about 75 feet above the smooth 
expanse of till which reaches north two miles to the moraine, east 
one mile to the bluflfs of the Des Moines valley, and southward 
beyond the horizon. Its base covers a diameter of J mile, and it 
rises by steep slopes to a rounded top which has its highest point 
in the southwest comer of Sec. 21, about three rods east of its 
west line. This mound is wholly composed of gravel and sand, 
obliquely stratified, with no till or boulders. Clear sand, in beds 
3 or 4 feet thick, occurs at the top of the mound; but it is mainly 
coarse gravel with pebbles up to six inches in diameter. About 
half of the pebbles under two inches are limestone, but those of 
Isirger sizes are mostly granites and schists. Potsdam quartzite ia 
rare ; it may be that one pebble in five hundred is from this forma- 
tion. West and southwest from Pilot Mound, a moderately roll- 
ing surface 50 to 75 feet lower, composed principally of till, extends 
two or three miles, termina|;ing in Sec. 30, which has mounds 20 
to 30 feet high. 

A belt of knolly till, similar to Mineral Ridge, extends west 
from section nine Pilot Mound, into the northeast comer of Grant, 
the northwest township of Boone county, beyond which its farther 
course has not been explored; but it is supposed to turn north- 
northwest, lying within five miles west of the Des Moines river, 
and to be continuous to a typically morainic tract which was found 
twenty miles farther north, between 2 and 3^ miles west of Fort 
Dodge. This tract has many rough hillocks of till, fifteen to thir- 
ty feet high, with abundant metamorphic and some limestone ^ 

•Geology of Imva, 1870, vol. 1, pp. 98 and 99. uigitizea Dy ^^jOOQlC 
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boulders, but few or none of potsdam quartzite. It may be that 
similar accumulations are traceable onward in the same course 30 
miles to the branch which extends from the terminal moraine at 
the west side of Palo Alto county east and southeast to the edge 
of Pocahontas county at the south line of T. 94, R. 32. In that 
case it would appear that the series of drift-hills explored in north- 
ern Boone county, and tJieir tract west of Fort Dodge, are por- 
tions of a terminal moraine reaching from northwestern Story 
county to western Palo Alto county. They must then be contem- 
poraneous with the inner belt of this looped moraine, which ex- 
tends through eastern Waseca county and by Albert Lea on the 
east side of Spirit lake, Heron lake and Lake Shetek to Gary on 
the west. 

The outer belt of the terminal moraine at the west side of its 
loop is found 35 miles southwest from Mineral Ridge^ in northern 
Outhrie county, where its course is from southeast to northwest 
and it has been traced continuously thence to the north line of 
Iowa and across southwestern Minnesota into Dakota. From the 
vicinity of Pilot Mound the next thirty miles to the south and 
southwest are smooth and only gently undulating till, with few 
boulders. This tract intervening between Mineral Ridge and the 
terminal moraine in Guthrie county shows that these cannot be 
portions of one continuous belt; and if they were formed at 
the same time. Mineral Ridge must be a medial moraine like those 
which extend from Kiester northwest across Faribault county, and 
from Forest City to Fairmont and Lake George. 

The exploration of these belts of hilly and knoUy drift, reaching 
from tne south line of Minnesota to the center of Iowa, leav^ no 
doubt to the writer that they are opposite portions of a continuous 
terminal moraine which has its course in a curve like the letter 
U. Professor Chamberlin has shown that this moraine crosses 
Wisconsin in a series of loops of this kind; and the large driftless 
area in southwestern Wisconsin and portions of the adjoining 
states, surrounded on all sides by glacial deposits, proves that at 
the time when the ice-sheet reached farthest, its southern por- 
tion was similarly divided into vast lobes, which, through a part of 
this epoch, became confluent at the south side of the driftless area. 
The lines of moraine here described in Minnesota and Iowa are 
about midway between this region, which has escaped glacial actiou 
on the east, and the limits of glacial drift on the west which ex- 
tends southward and south-southeastward from about 40 miles west 
of Bismarck through Dakota and across Nebraska ji^n|^oj^(grt|ief|sfeera [^ 
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Kansas. These lines of hilly drift are thus more parallel with the 
bonndaries of glacial action at its time of greatest extent, and are 
supposed to mark the similar limit attained by the ice-sheet of the 
last glacial epoch. A very significant feature is the frequent 
occurence of lakes upon the area enclosed by this looped moraine; 
while in the regions beyond it to the southeast and southwest, 
though they also are in large part till, lakes and rivers are rare or 
entirely absent. The connection between the moraine that reaches 
from the south line of Minnesota in Freeborn county to the north- 
west part of Story county and Mineral Ridge^ and that which is 
next to be described, is believed to extend southwestward through 
Story and Polk counties, probably crossing the Des Moines river 
within a few miles southeast of Des Moines; then westward along 
the south side of Raccoon river, through the north edge of Madi- 
son county; and northwestward along the east side of Middle 
Raccoon river, through southwestern Dallas county and northeast- 
em Guthrie county. 

This western line of the terminal moraine was encountered in 
the south part of T. 81, R. 31, in northern Guthrie county, after 
traveling thirty-five miles southwest from Mineral Ridge and Pilot 
Mound. Its course thence is to the northwest and north through 
Carroll, Sac, Buena Vista, Clay and Palo Alto, Emmett, Dickinson 
and Osceola counties, into Minnesota, reaching in Iowa 120 miles 
to the north and 60 miles to the west. The width of this helt 
along the greater part of this distance is from two to four miles; 
but in Clay, Palo Alto and Dickinson counties it is from eight to 
t"welve miles. Its contour is nearly as in other portions of this 
formation, presenting many hillocks and short ridges which vary 
in height from 20 to 50 feet above the intervening hollows, and 
usually rise 30 to 50 feet and rarely 75 or 100 feet above the adjoin- 
ing country. Eastward a smooth and nearly level expanse of till 
with few boulders stretches 50 to 75 miles to the eastern line of 
this moraine. Westward the land next to this helt from Storm 
lake to the Minnesota line, is nearly the same as on the east; but 
south of Storm lake the till on the west is buried beneath the 
loess, which in somes portions has a smooth and gently undulat- 
ing surface, but generally it has been sculptured by rains, rills, 
creeks and rivers, to a prominently rolling contour, rising to crests, 
ridges and plateaus, 100 to 160 feet or more above the streams* 
Near the moraine this erosion has cut through the loess, and from 
50 to T5 feet into the underlying till. The surface of the loess 

throughout this distance of 75 miles, averages as high as the ^^^^QOqIc 
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of the morainic hills which lie next to it on the east, and at their 
lower portions, surpasses them by 25 or 50 feet, while its elevation 
above the expanse of till eastward is from 50 to 75 feet. The 
material of the moraine is chiefly till, with boulders everywhere 
frequent, and occasionally very abundant, probably averaging ten or 
twenty times more numerous than on the smooth areas of till. 
These are granites, schists and limestone, as in the eastern line of 
this formation, with the addition of a considerable proportion 
from the red Potsdam quartzite which has extensive exposures in 
southwestern Minnesota from New Ulm to Pipestone City and 
Luveme. In this moraine on the east from Albert Lea south to 
Mineral Ridge, these quartzyte fragments are very rare; but along 
its entire coast on the west, from Guthrie county into southwest- 
ern Minnesota, they are common, and make up from one-twentieth 
to one-third part of all its boulders. The only exposures of bed- 
rock seen in the regions traversed by this moraine, are in Guthrie 
county, where the Nishnabotany sandstone of Cretaceous age out- 
crops along the Middle Raccoon river, at Rock Bluff mills, situated 
in the N, E. i of Sec. 27, Highland (T. 81, R. 32), and at other 
points. The hills of the abjoining moraine, covered at the surface 
by knolly till with many boulders, are found by wells to consist in 
some cases for their lower portion of this sandstone, showing 
that the contour here partly conforms with the unequally eroded 
surface of rock beneath the drift. 

In northern Guthrie county the morainic belt covers a width of 
about two miles next northeast from the Middle Raccoon river, 
reaching to Swan lake in the southeast quarter T. 81, R. 31. Its 
elevations mostly trending north-westward, are from 30 to 76 feet 
above the hollows. Boulders abound and include many of Pots- 
dam quartzyte, which occurs in fragments of all sizes up to five 
feet in diameter. They are most plentiful where the surface is 
most broken, as in section 18, of Highland, and sections 13 and 
12, of Grange, the northwest township of this county. The 
hills, knolls, and ridges of these sections appear to be composed 
wholly of till. In a well near top of one of them, this was yellow- 
ish to a depth of 25 feet, then dark bluish and harder for 22 feet 
below, to water which arose 16 feet. 

In Carroll county this belt, from 1 J to three or four miles wide, 
continues northwestward by Coon Rapids, Carrollton, Carroll and 
Maple Junction to Breda. From the southeast corner of the coun- 
ty to Gustine Grove, two miles beyond Carrollton, it consists of 
swelling hills of till, not so rough as to be typically morainic,whicli 
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occdpy a width of 1^ to three miles alon^ the northeast side of 
Middle Raccoon river, rising from 100 to 150 feet above it, and 
averaging 75 feet or more above the smooth sheet of till on the 
east. Between one and two miles northwest from Carrollton some 
of these hills, 100 feet above the river, consist of loess at the sur- 
face, free from pebbles to a depth of ten or 12 twelve feet. This 
has the same yellowish color as the upper part of the till. Other 
hills near have many rock fragments, both large and small, being 
common till, but morainic in the abundance of boulders. From 
Gustine Grove to Carroll the moraine holds its straight course 
northwestward, lying on the southwest side of the river^ which 
here flows east and then south. Its height is from 100 to 125 feet 
above the river. A part of its mounds and hillocks through this 
distance are covered by loess, but mostly their surface is till with 
numerous boulders and pebbles. A lakelet two miles south-east of 
Carroll, and frequent sloughs, lie in the depressions of this forma- 
tion. Beyond Carroll the Middle Raccoon river is again its south- 
west boundary, from which it reaches to Mount Carmel. It here 
consists of moderately rolling till, with crests 30 to 50 feet above 
its hollows; and this character continues to the north line of the 
county where its course is through the northeast part of Wheat- 
land, its northwest township, with a|width that reaches about a half 
mile east and two miles west of Breda. 

Across Sac county and to the center of Buena Vista county, a 
distance of thirty-six miles, the course of the moraine is a few de- 
grees west of north, and its width is from two to four miles. In 
Sac county this extends from the southeast quarter of T. 86, R. 
36, to the northwest quarter of T. 89, R. 36. Wall lake lies with- 
in the limits of this belt, and its west border is close east of the 
railroad town of Wall lake. Farther to the north, Indian creek 
and lake are at the west side of this belt, which through Sac coun- 
ty consists of moderately rolling and often knoUy till, containing 
frequent boulders and pebbles. Its crests are 20 to 30 feet above the 
adjoing hollows, sloughs and lakes. Next to the west the loess rises 
forty to fifty feet higher than the moraine, forming nearly level- 
topped plateaus and ridges, as in the southwest quarter of T. 86, 
R. 36, and at the west side of the Boyer River west of Wall lake, 
or smooth swells which rise in long slopes thirty to fifty feet above 
the intervening depressions, sometimes having considerable gravel 
and boulders up to one foot in diameter at their top, apparently 
due to exposure of the underlying till, as in the six miles north 
from the town of Wall lake, and in Ts. 88 and 89, of R. 37. The 
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lowest point of the watershed between the Mississippi and Missouri 
rivers in the northern two-thirds of Iowa, appears to be the slough 
which reaches from Wall lake, four nules southwest to Boyer 
river. 

In Buena Vista county this belt of rolling and knoUy till, from 
two to three or four miles wide, continues north-north-westerly by 
the east end of Storm lake and to the south part of Scott, 7 miles 
north of this lake; thence it bends to the north and northeast, and 
passes by Grass Lake and Green Mound, to Pickerel Lake at the 
northeast corner of the county. From the northeast part of this 
belt a branch extends six miles south through the range of sections 
from 2 to 35 in Lincoln (T. 92, R. 36.) Both in this branch and 
in its main series, the hillocks, mounds and short ridges of this for- 
mation usually rise only from 10 to 30 feet above its depressions. 
Rock fragments of all sizes up to two or three feet in diameter 
abound, but larger boulders are infrequent. The west border of 
this belt is a half mile east from the town of Storm Lake. Its 
knolly surface is well seen at two miles east, two to three miles 
north, and five miles north of this town. Green Mound, situated 
in Sec. 19, Poland, five miles southwest from Pickerel Lake, is one 
of its most conspicuous hills in this county, though only about 50 
feet high. Scarcely anywhere in Iowa does this moraine attain 
such height that it deserves to be designated on an ordinary map; 
but in a study of the glacial drift, its rough surface and its abund- 
ant rock fragments very clearly distinguish this formation, in its 
two nearly parallel north to south belts, from the smooth sheet of 
till, holding few stones and boulders, which covers the intervening 
area. In crossing this expanse 80 miles wide, from eastern Buena 
Vista county east to northwestern Hardin county, drift and con- 
tour like those that characterize this moraine, were seen at only 
one place, 2 to 3^ miles west of Fort Dodge, as already described. 

Northward the moraine is 8 to 12 miles wide, occupying the 
greater part of the east range of townships in Clay county and the 
west range in Palo Alto county. Its material is till with many 
boulders. Much of Swan Lake, the northwest township of Poca- 
hontas county, and of Rush Lake and Silver Lake in southwestern 
Palo Alto county, have the rolling or knolly surface of this former 
tion, with crests 20 to 40 feet high; but its most broken contour 
and most prominent hills, 50 to 75 or 100 feet in height, are found 
northwest of Pleasant and Mud lakes in the southeast township of 
Clay county. About Elk and Elbow lakes and Kuthven, its 

mounds, ridges and hillocks are 20 to 60 feet above the depressions f^ 
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and lakes. Farther to the north the moraine is divided into two 
belts, one of which passes by the east side of Lost Island and Palo Al- 
to lakes into Emmett county, while the other lies south and west of 
Lost Island and Trumbull lakes and extends north into Dickinson 
county. Between these belts; in their course for 25 miles to Spirit 
Lake, is a tract of smooth, moderately undulating till from four to six 
miles wide. The eastern series of drift hills here and in their continu- 
ation across southwestern Minnesota, corresponds to the series at the 
east side of this morainic loop, as at Albert Lea. These are an in- 
ner terminal moraine which was evidently accumulated at some 
time later than the outer moraine, but both appear to have been 
formed by the ice-sheet of our last glacial epoch. It has been 
shown on a preceding page that Mineral Ridge is probably a por- 
tion of the inner belt of this formation, and that it may be traceor 
ble across Webster and Pocahontas counties to a branch which ex- 
tends southeastward from the outer moraine in Palo Alto county. 
This branch first takes an easterly course from the vicinity of 
Silver Lake through the south part of Great Oak township to the 
Des Moines river, 7 miles southeast of Emmettsburg. Thence it 
turns southerly, occupying nearly the entire northwest quarter of 
Ellington (T. 94, R. 32), and continues in a narrow line of knolls 
from the center of this township to its south line. It consists of 
till with many small and large boulders, and its surface rises in 
knolls and short ridges 20 to 30 feet above the general level, and 50 
to 75 feet above the Des Moines river. The morainic hills in the 
western townships of Palo Alto county, most typical in Highland 
and in the west part of sec. 1, at the northeast corner of Silver 
Lake, are 125 to 150 feet above this river, and from 40 to 60 feet 
above Rush, Silver, Elbow, Lost Island and Palo Alto Lakes. 

The inner morainic series lies at the west side of the Des Moines 
river in Emmett county, extending north through Twelve Mile 
Lake, Esterville, and Emmett, to west range of townships. It is 
very finely exhibited for three miles to the south and east from 
Twelve Mile Lake, its highest portions being about forty feet above 
this lake or one hundred and fifty above the river. Here and 
onward through this county and in northeastern Dickinson county, 
it consists of typically rough, knolly till, with the usual abundance 
of boulders, one-third to two-thirds of which are the red Potsdam 
quartzyte. The width of this belt in Emmett county is from two 
to three miles, and its height is from one hundred and twenty-five 
to one hundred and seventy-five feet above the Des Moines^.-., ^ 
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Twelve Mile and Cheever lakes lie at its west boundary, beyond 
which the west edge of Twelve Mile lake and Esther ville and the 
next four or five miles into Dickinson county are slightly undu- 
lating till, which mostly lies twenty-five to fifty feet lower than 
this moraine, but rises northward to a height of twenty-five feet 
above it at a half mile south of Swan lake. East of the Des 
Moines river its bluffs in Emmett county are from seventy-five to 
ninety feet high, and from their top a gently undulating sheet of 
till, maintaining nearly the same elevation, stretches eastward into 
Kossuth county and beyond the East Fork of the Des Moines. 
In the northern, two-thirds of Superior, the northeast township of 
Dickinson county, this series of rough drift hills turns westwaiHi 
and extends with a width of about three miles by Swan lake to 
Spirit lake. Their height is twenty-five to fifty feet above the 
numerous enclosed sloughs and lakelets, being in the east half of 
the township from one hundred and fifty to one hundred and 
seventy-five feet above the Des Moines river, and fifty feet above 
Swan lake, but rising in its west part fully fifty feet higher to a 
watershed about seventy-five feet above Spirit lake. 

In Dickinson county the outer belt of this moraine covers about 
half its area, including the west edge of Lloyd and Richland (Ts. 
98 and 99, of R. 35), the northeast part o^ Milford (T. 98, R. 36), and 
nearly all of Center Grove, Lakeville and Excelsior, and of Spirit 
lake. Diamond lake and Silver lake (Ts. 99 and 100, of Rs. 36, 37 
and 38). Its material throughout this county is the usual till with 
many boulders, of which from one-sixth to one-third are Potsdam 
quartzyte. Its surface is diversified by frequent hillocks and 
knolls, whose crests are from twenty to forty feet above the inter- 
vening hollows, sloughs and lakelets. This county has the most 
notable group of lakes in Iowa, distinguished equally for their 
beautiful scenery and for their abundance of fish and game. They 
are Spirit lake, four miles in diameter and the largest in the State, 
lying just south of the State line at the northeast side of this 
morainic belt, and the West and East Okoboji lakes, each about 
six miles long, lying inside its limits, with more than a dozen 
small lakes ncjir them, varying from one-fourth to one milfe in 
diameter. The maximum depth of Spirit lake is reported to be 
about 50 feet ; of West Okoboji, in its north half, 55 feet, and in 
its south half, more than 100 feet ; and of East Okoboji, 15 feet 
toward the north and 25 feet toward the south. The Okoboji lakes 
have the same level, and are from two and one-half to four feet 
below Spirit lake, according to their varying stages of wal 
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Their height above the Des Moines river at the State line is esti- 
mated to be about 150 feet. Nicollet's barometric observations 
made Spirit lake 1310 feet above the sea ; but this appears to be 
75 or perhaps 100 feet less than the truth. East of Spirit and 
East Okoboji lakes these tracts of hilly and knolly drift rise 75 to 
100 feet above them ; the highest elevations between the Okoboji 
lakes are 50 to 75 feet ; and the typically rough, morainic hills 
west of West Okoboji and Spirit lakes are from 75 to 125 feet 
Mgh. The northwest part of this county has frequent swells, 
knolls, and short ridges, which rise 10 to 40 feet above the de- 
pressions, but none of them much exceeds the average height of 
the whole region, which gradually rises westward, and attains in 
northeastern Osceola county, 12 to 25 miles distant, an altitude 
from 75 to 150 feet above the highest hills near Spirit and West 
Okoboji lakes. 

In Osceola county the south-west boundary of the morainic belt 
runs from Sec. 25, T. 99, R. 39 west, north-west to Ocheyedan 
mound, and thence north-westward coincides nearly with the 
course of Ocheyedan creek. Its width extends from this limit 
north-east into the edge of Minnesota ; but it encloses a tract of 
nearly level, gently undulating till, 4 miles Wide and 5 miles long, 
reaching from Rush laKe east to the county line. The contour 
and material of the moraine continue the same as in north-western 
Dickinson county. The highest portion of this formation in Iowa, 
and probably at the same time the most elevated ground within 
the limits of the State, is either the top of Ocheyedan mound, or 
the smaller swells and hillocks next to the State line, 9 miles 
further north-west, which are about 1,675 feet above sea, the rail- 
rpad station of Bigelow, near by in Minnesota, being 1,631. Och- 
eyedan mound situated in the S. W. ^of Sec. 12, T. 99, R. 40, is a 
steep ridge of unequal height and irregular form, about 500 feet 
long, tending S. 50° E., composed of very pebbly gravel, or per- 
haps till, with a few boulders, 1 to 3^ feet in diameter, scattered 
upon its [sides and top. It rises 50 or 60 feet above the average 
of its region, and about 125 feet above Ocheyedan creek. Though 
80 small it is the most conspicuous elevation of Osceola county. It 
is estimated to be 1,660 feet above sea, but upon exact determina- 
tion it may be found to exceed this and be the highest land in 
Iowa, a distinction which has been erroneously assigned, with an 
exaggerated height, to the hills near Spirit lake. Southern and 
western Osceola^ south-western Dickinson, much of O'Brien, ^ 
western Clay, and north-western Buena Vista counties, lying nef tcjOOQlC 
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beyond this moraine, are overspread with a smooth, slightly onda- 
lating sheet of till^ at least from 100 to 200 feet in depth, as 
shown by the deep valley or channel of the Little Sioux river, and 
by wells which nowhere penetrate to the underlying rock. Farth- 
er south-west this deposit is concealed beneath the loess, which, 
extends from the Missouri liver 60 miles east to Storm lake and 
75 miles north to Luveme. 



THE COTEAU DE8 PRAIRIE. 

A large area in southwestern Minnesota and eastern Dakota ha» 
an elevation from 500 to 1000 feet above the Minnesota river, and 
from 1300 to 2000 feet above the sea. Upon this highland district 
are the sources of Lac qui Parle, Yellow Medicine, Redwood and 
Cottonwood rivers, tributary to the Minnesota river; of the Des 
Moines river, and of the Little Sioux and Big Sioux rivers, tribu- 
tary to the Missouri. The outer belt of the terminal moraine 
forms the highest portion of this area, and extends in Minnesota, 
from southeastern Nobles county in a nearly north-northwest 
course, passing west of Worthington, through southwestern Mur- 
ray county, the northeastern township of Pipestone county, and 
southwestern Lincoln county, by the west ends of lakes Benton^ 
Shaokatan and Hendricks, into Dakota, where it continues in the 
same course through Deuel and Grant counties and the Sisseton 
and Warpeton Indian reservations. It thus reaches past the sour- 
ces of the Big Sioux river, and farther northward becomes the 
divide between the head streams of the Minnesota river on the 
east and the James river on the west. This elevated tract, ex- 
tending 200 miles, was called by the earliest French explorers the 
Coteau des Prairies^ meaning the highlands of the prairies. This 
name, according to Nicollet, alludes to its conspicuous appearance^ 
"looming as it were a distant shore," when viewed from the val- 
leys of the Minnesota and James rivers, as is very noticeable from 
the vicinity of lakes Traverse and Big Stone, and from the highest 
points near the Minnesota river for perhaps 20 miles below Big- 
Stone lake. Farther southeast this title was generally applied to 
the first prominent ascent above the broad, gently undulating ex- 
panse that reaches everywhere 20 or 30 miles from the Minnesota 
river. Before coming to this in going southwest, there is gener- 
ally a very gradual slope, rising 100 or perhaps 150 feet in the last 
ten miles; then comes the steeper acsent which amounts to 200 or 
300 feet within a width of two or three miles, coinciding thi:o$i^^Q[c 
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the greater part of its extent across southwestern Minnesota with 
the tract of knoUy and hilly drift that forms the inner belt of the 
moraine. The general height beyond, sometimes after a slight 
descent, continues to rise, but only slowly, amounting to 100 or 
150 feet in crossing the smooth gently undulating area between 
this and the outer morainic range, which divides the waters of the 
Minnesota, Des Moines and Little Sioux rivers on the east from 
those of the Big Sioux river, and its tributaries on the west, form- 
ing, as already mentioned, the highest part of the Coteau des Prai- 
ries. 

The inner line of hills of the terminal moraine extends from 
Spirit lake north and northwest through Jackson, Cottonwood, 
Murray, Lyon, Lincoln and Yellow Medicine counties, to Gary, 
where it enters Dakota, 11 miles west, northwest from Canby. 
Prom the west side of Spirit lake its course is north through Min- 
neota, Hunter, Heron Lake and Delafield, the central range of 
townships in Jackson county. The width of this belt is from three 
to six miles. Its surface is prominently rolling, mostly in massive 
swells 20 to 40 feet above the depressions, but at many places in 
small, steep knolls and hillocks of similar height. The elevation 
of the range above the general level is from 30 to 50 feet. Its 
material is till, which here contains more gravel and boulders than 
on its smooth, slightly undulating areas which extend at each side 
beyong the limits of the county. The Des Moines river, east of 
this moraine, has excavated a valley 100 feet deep in this sheet of 
till, without exposing the bed rock; and G. C. Chamberlin's well 
at Jackson in this valley, went 130 feet in till with only thin beds 
of sand, not reaching its base at this depth, which is 100 feet be- 
low the river and 200 feet below the top of its bluffs. The rail- 
road well at Heron Lake found the drift 186 feet deep, underlain 
by the red Pottsdam sandstone or quartzyte. In Minneota this 
morainic belt is about three miles wide, reaching from Little Spir- 
it Lake and Clear lakes west to the Little Sioux river. It here has 
many knolls and short ridges which continue into Hunter, and are 
crossed 7 to 10 miles west of Jackson by the road to Worthington. 
Northwest from Jackson it is represented by the rolling tract about 
six miles wide, between the Des Moines and Heron Lake, west and 
southwest of which is a very flat expanse of till, 10 to 20 feet 
above the lake, stretching with slowly increasing height as far as 
the view extends westward. 

In Cottonwood county this moraine continues north to the great ^ ^ 

bend of the Des Moines river, six miles northwest of WindoflivjOOQlC 
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Thence its course is northwest through the north part of Spring- 
field, northeastern Southbrook, southwestern Amo and Rose Hill. 
Its most conspicous portion and most roughly broken contour are 
in the Blue Mounds, which lie three miles west of Windom. This- 
group or range of hills, composed of till with frequent boulders, 
extends three miles in a northwest course, parallel with the Des- 
Moines river on the northeast, and Spring Lakes on the southwest. 
Their height is 100 to 150 feet above the river and 50 to 75 feet 
above the general level at their west side. Beyond the Blue 
Mounds this inner morainic belt is crossed by the Des Moines,, 
which here flows eight miles northeast, at right angles with the 
rest of its course. Thence to Lake Shetek this belt is a prom- 
inent rolling tract several miles wide, rising about 100 feet above 
the river, and interspersed with lakes. The Des Moines river lies- 
within a few miles at the southwest, being nearly parallel with the 
moraine; as it is also, but on the opposite side below this bend. 
East of Windom, a part of this formation, consisting of irregular 
hillocks of till with enclosed hollows and lakes, occupies a width, 
of two or three miles, and forms the ascent of 75 or 100 feet above 
the Des Moines river, to a higher, smooth and nearly flat expanse 
of till, which thence extends 75 miles eastward, descending with. 
an imperceptible slope to the Blue Earth river, and beyond this^ 
rising in the same manner to the eastern series of this curved mo- 
raine at the sources of the Le Seuer and Cannon rivers, where Nic- 
ollet called it ''the N. E. prong of the Coteau des Prairies." The 
hilly tract mentioned east of Windom appears to be part of a me- 
dial moraine branching from the terminal series on the west and 
extending north through the two western ranges of sections in 
Lakeside and Carson. Its most broken portion is found in Sees. 
17, 8 and 5, Carson, which have many small hills and ridges 40 to 
75 feet high, mostly trending from north to south, composed o£ 
till with abundant boulders. Ten miles farther, north an isolated 
morainic area is found in Stately, the southwest township of Brown 
county, reaching from the elbow of Mound creek six miles west 
into the edge of Germantown in Cottonwood county, with a width, 
of three to four miles, bounded on the north by the Cottonwood 
river. It is crossed by the lower paft of Mound creek, so named 
because of its mounds, ridges and hills of till, which are 25 to 75- 
feet high, abrupt and strown with boulders and pebbles. Between 
these areas of small drift hills in Carson and Stately is a massive 
ridge of red Pottsdam quartzyte, which extends 25 miles from west 
to e- though Stolen, Ambo,, Delton «,d S.ta., »fl,4h«Ogle 
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Cottonwood county, terminating in the west edge of Adrian, the 
northwest township of Watonwan county. This highland is most- 
ly covered by a smooth surface of till, but has frequent exposures 
of the rock. Its altitude increases from 100 feet at its east end to 
250 feet westward above the broad, slightly undulating sheet of 
till which covers the region at its north side, excepting the morain- 
ic tract in Stately, and reaches 25 miles north to the Minnesota 
river. The height reached at the top of this quartzyte ridge, from 
1300 to 1400 feet above the sea, is a peramnent rise of the land 
which southwestward holds nearly this average eleyation to the 
Des Moines river. 

In northeastern Murray county the inner morainic belt, two to 
four miles wide, extends from Lake Eliza northwest by Duck and 
Buffalo lakes and the northeast side of Lake Shetek, occupying 
the northeast part of Des Moines river township, southwestern 
Dovray, northeastern Murray, the southwest half of Shetek, and 
the northeast part of Lake Sarah. It is distinguished from the 
slightly undulating areas of till at each side by its more frequent 
boulders and its more rolling and occasionally hilly contour: but 
it scarcely anywhere exhibits the rough surface which charac ter- 
ized the greater part of this series of drift accumulations. The 
crests of its swells are thirty to forty feet above the intervening 
depressions, sloughs, and lakes; nearly the same above the general 
level on each side; and from 75 to 100 feet above the Des Moines 
river and 40 to 50 above Lake Shetek. The only part of the 
series in this county which rises in mounds that are conspicuously 
seen at a distance of several miles is in the northeast corner of 
Murray tpwnship, upon an area from one-half to one mile wide, 
extending two miles northwesterly from Buffalo lake; bu't its hills 
here are only 30 to 50 feet above the average height of the range. 
Along the northeast side of the northwest area of Lake Shetek, 
commonly called the ^'Inlet,'* are frequent small patches where 
boulders nearly cover the ground, mostly forming knolls from 3 
to 5 or 10 feet high, and occurring from the lake shore to 25 feet 
above it. 

The inner terminal moraine east of Lake Shetek and in Lyon, 
Lincoln and Yellow Medicine counties forms the northeast border 
of the Coteau des Prairies, which has a width of about twenty 
miles, its southwest border being the outer and more prominent 
terminal range of drift hills which extends by the west ends of 
Lakes Benton, Shaokatan and Hendricks. From the Blue Mounds ^ 
in southern Cottonwood county to Gary in the edge of Dako^ ji^^jOOQlC 
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course of the inner series of this formation is northwest and near- 
ly straight. In Lyon county its northeast boundary passes through 
the center of Custer, Lyon and Island lake townships, and follows 
approximately the line between this and Lincoln county, for the 
next six miles at the west side of Nordland. It crosses northeast- 
ern Lincoln county from the southeast comer of Altavista to sec- 
tion 3, Marble, six miles south of Canby; and in Yellow Medicine 
county its course is from section 33, Norman, to section 7, Florida. 
The most rough and hilly part of this morainic belt is from^ to 1^ 
miles wide at its northeast side, where it usually has many irregu- 
lar knolls, short ridges, and hills, which rise from 25 to 50 feet, 
and occasionally 75 to 100 feet above the intervening depressions. 
Their conspicuous appearance, as seen from the northeast, is due 
to the ascent westward of the country upon which they lie. The 
Coteau des Prairies, in these inner and outer series of drift hills 
and upon its intervening tract of smooth or moderately rolling 
land, has no exposures of the bed rock, but the elevation of this 
highland is doubtless caused by the altitude of the underlying 
rock surface, upon which the drift has been deposited as a sheet 
which is commonly from 100 to 200 feet thick throughout the 
western two-thirds of Minnesota. From the specially hilly north- 
east margin of this morainic belt its width reaches five to fifteen 
miles south west ward with a rolling and in some places knolly or 
hilly surface, including the greater part of the distance to the 
parallel outer range of drift hills, but leaving next to that a smooth 
slighly undulating tract, three to five miles wide. In Marshfield 
and Lake Stay (Ts. 110 and 111, of R. 44) this smooth contour ex- 
tends eight miles north from the Cottonwood lake (dry during the 
last two or three years,) and the east end of Lake Benton, its limit 
being here twelve miles from the outer moraine. All these areas 
are till, with many boulders upon the portions which are most 
broken by knolls, hills and hollows. 

The Antelope Hills and Valley, A third well marked series of 
low broken hills and ridges oE till, with abundant large and small 
rock-fragments, is found in Yellow Medicine and Lac qui Parle 
counties, lying 8 to 12 miles northeast from the inner morainic 
belt of the Coteau, and extending north, northwest 40 miles within 
the limits of Minnesota. The width of this morainic series is 
usually from one-fourth to one-half mile, being less than that of 
the specially knolly belts upon the Coteau des Prairies. It spears 
like them to be a terminal moraine ; and its location shows that it 

was accumulated after a second retreat ef the ice-border. ThexrTT/> 
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slight readvance by which these hillocks was heaped at its termi- 
nation seems not to have occurred generally to other portions of 
the ice-sheet ; at least a corresponding third distinct moraine has 
not been noticed by me elsewhere. This formation begins in sec- 
tions 32, 39 and 19, of Burton (T. 114, R. 43), in Yellow Medicine 
county ; continues through sections 13, 11 and 3, of Vergeland 
(T. 114, R. 44), with similar outlaying hillocks and ridges in sec- 
tions 9, 15, 16, 21, 22 and 23, of this township ; and for the next 
six miles northward, lies in the southwest edge of Oshkosh and 
the northeast edge of Hammer. In Lae. qui Parle county this 
moraine forms the two conspicuous clusters of the Antelope hills, 
in sections 27 and 16, Freeland (T. 116, R. 45), elevated 40 to 100 
feet above the smoothly undulating till of their region. Its con- 
tinuation runs from section 32, T. 117, R. 45, in a nearly straight 
course to section 33, T. 119, R. 46. One of its hills, about 60 feet 
high, at the north side of the west branch of Lac qui Parle river, 
in section 18, T. 117, R. 45, has been named Mt. Wickham. 
Thence for five miles northerly this knoUy belt, 10 to 40 feet 
above the general level on each side, is known as the Stony Ridge. 
In T. 119, R. 46, the range seems to be offset three miles to the 
northeast, from section 33 to section 14, and thence it extends 
west, northwest to the State line. In the east edge of Dakota^ 
these accumulations rise prominently in the fractional T. 120, R. 
47, and are called Yellow Bank hills, from the river of this name 
which here flows through them. Mt. Tom, their highest point, 
in or near the N. E. J of section 32 of this township, has an ele- 
vation of about 100 feet. A belt of rolling land, about three 
miles wide, higher than the more gently undulating areas on each 
side, continues from these hills northwesterly across Grant county 
and into the Sisseton and Warpeton reservation, lying within six 
miles northwest of Big Stone lake, and having its east side at 
about the same distance west of Brown's Valley. 

Between this morainic belt and the foot of the Coteau on the 
west is the Antelope Valley, so named by the Sioux. This is a 
broad shallow depression, with a slightly undulating surface of 
tiU, being from three to ten miles wide, and reputed to extend 125 
miles, from the northwest township of Lyon county in Minnesota 
to the south bend of the Sheyenne river in Dakota. The moraine 
of the Antelope hills and the smooth area of till on its east side 
average 25 to 50 feet higher, but have some lower portions, allow- 
ing streams to cross the Antelope Valley transversely ; and next 

uigmzea by VjOOQIC 
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to the west the Coteau rises about 700 feet within ten or fifteen 
miles. 

The outer or western moraine belt of the Coteau des Prairies 
extends into the south edge of Minnesota along its course of 20 
miles, next west from Spirit lake, where the greater part of its 
width lies in Iowa. From the Little Sioux river at the west side 
of Minnesota in Jackson county, to Indian lake in southeastern 
Nobles county, the width of this formation in our state is from 1^ 
to 5 miles, reaching north to Skunk lake, to ^ mile beyond Rush 
lake, to Plum Island bM Round lakes, and to the north end of 
Indian lake. Its greatest extent north in this distance is at the 
north side of Round lake; but south of this a tract about two 
miles wide and three miles long to the east from State Line lake, 
is smooth and only slightly undulating, though enclosed by rolling- 
or knoUy morainic areas. 

In its northwestern course across Nobles county this belt has a 
width of about five miles to the center of the county and Summit 
lake, including the southwest part of Indian lake, nearly all of 
Bigelow, the northeast edge of Ransom, southwestern Worthington, 
the northeast half of Dewald, and the south half of Summit lake^ 
with a spur extending north through sections 14, 11, and 2, of the 
last named township. Onward in T. 103, R. 42, and in the west 
half of Willmont, its width diminishes from three or four miles to 
about one mile. Its contour through Nobles county is prominent- 
ly rolling in swells that trend approximately from southeast to 
northwest, and rise 50 to 76 feet above the smooth, slightly undu- 
lating area next northeast, wliich extends thence with an imper- 
ceptible descending slope northeastward 20 miles to the inner 
moraine beyond Heron lake and the upper part of Dea Moines 
river. Westward the surface is in swells which trend mostly from 
north to south, more massive and smoother than those which form 
the outer terminal moraine, and of about the same elevation; or in 
nearly level, equally high plateaus; as at Rushmore, 10 miles west 
of Worthington, and in the southwest part of Little Rock. The 
material of Nobles county is nearly everywhere till or boulder- 
clay; excepting the plain with a subsoil of gravel and sand, which 
occupies the southern two thirds of Grand Prairie, its southwest 
township, surrounded by swells of till 40 to 75 feet higher. 

In western Murray county and northeastern Pipestone county 
the outer moraine rises in a conspicious series of drift-hills, which 
continues thence 150 miles north-northwest as a belt of very 
knolly and hilly drift from one to five miles widg^,^,9g|^^^^g)L, 
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the Coteau des Prairies, west of Lake Traverse. Throughout this 
distance its material is till with abundant boulders and pebbles, 
principally of granite, syenite, gneiss and schists, but also includ- 
ing many of limestone. Its surface is broken by a multitude of 
mounds, short ridges and hilloeks, from 10 to 50 feet above the hol- 
lows which occasionally contain sloughs and lakelets. Prom Mur- 
ray county to the center of Deuel county in Dakota, west of Gary, 
this morainic belt form a range 50 to 100 feet above the smooth till 
at its west side which is either in massive swells, as generally in Pipe- 
stone county, or farther north, in slightly undulating and often 
nearly flat slopes which descend westward to the Big Sioux river. 
At the east side of this range gently undulating till from 100 to 
200 feet covers an area 15 to 20 miles wide, in central Murray 
county, and a narrower belt through Lyon county, reaching to the 
borders of the inner moraine. In northern Deuel county and 
northward through Grant county to the source of the Big Sioux 
river, the two morainic series lie nearer together, and the three or 
four miles intervening between their roughest belts have a rolling 
and in some places knolly surface, which rises 75 or 100 feet per 
mile westward to the west side of the outer moraine. Through 
this distance and north to the head of the Coteau des Prairies this 
ascent reaches an elevation about 1000 feet above the Minnesota 
river and Big Stone and Traverse lakes. Though no exposures of 
the bed-rock have been found upon this highland, it is believed to 
rise here much higher than in the valley sof the Minnesota, Big 
Sioux and James rivers at each side. The altitude of the Coteau 
is probably thus caused by the greater height of the rock upon 
which these drift deposits lie, rather than by their extraordinary 
thickness beyond that which they commonly have throughout 
southwestern Minnesota. The depth that is added to the general 
drift-sheet by the accumulations of the terminal moraine does not 
appear to average more than 50 to 75 feet; ,^d its highest hills 
found in the exploration of this formation through Minnesota, 
Iowa and southeastern Dakota, very seldom exceed a height of 100 
or 150 feet above the general level of the country. The only tract 
of considerable extent where they attain a greater elevation is the 
Leaf hills in southern Otter Tail county, which, for a distance of 
25 miles, are from 100 to 350 feet high. Upon the most promi- 
nent portion of the Coteau des Prairies extending from Deuel 
county northward, the knolls and hillocks of this moraine rise 20 
to 60 and rarely 75 feet above the adjoining hollows; and the 
thickness which it adds to to drift-sheet appears to be from iSal^^^jOOQlC 
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100 feet. That the prominence of this highland is not due to 
these morainic accumulations is shown by the greater elevation 
that is reached within from two to five miles distance by the 
smooth sheet of till at its west side, which forms the watershed, 
and beyond decends to the Big Sioux river. 

The outer moraine in Murray county includes the west edge of 
T. 105, R. 42, being here from one-fourth of a mile to one mile 
wide, the south two-thirds of Leeds, the northeast two-thirds of 
Ohanarambie, its most conspicuous portion in this county being 
Buffalo ridge, 100 to 150 feet high, trending from southeast to 
northwest, in sections 21 and 16 of this township; the west half of 
Cameron, and the southwest corner of Ellsworth. Its area in 
Leeds, extending six miles east from the main course of the series, 
and surrounded on the south, east and north by a lower expanse of 
smooth, slightly undulating till, may be a medial branch. Eight 
miles northeast from this, in sections 8 and 5, Mason, is a remark- 
able plateau of till, with its top nearly level, and covering 1^ 
square miles, from which there is a descent of about 200 feet in 
three miles east to Lake Shetek, and about 100 feet in the same 
distance west to Bear lakes. 

In northeastern Pipestone county the morainic belt is about 
three miles wide, and extends through the northeast part of Rock, 
the center of ^tna and the northeast edge or Fountain Prairie. 
In iEtna, the northeast township of this county, it is quite pic- 
turesquely, broken in knolls and spurs, which rise gradually to a 
height of 100 to 150 feet above the land on each side. 

In Lincoln county this moraine is about two miles wide, and ex- 
tends north-northwest by the west ends of lakes Benton and Shar 
oakatan, passing through the middle of Lake Benton township, the 
southwest comer of Diamond lake, the center of Drammen and 
southwestern Shaokatan. Its height from its east edge is 100 to 
200 feet, and from its west edge 40 to 75 feet. This morainic belt 
and the thick sheet of till which is massed against its west side and 
descends thence westward, are penetrated in the west part of Lake 
Benton township, by a deep channel or valley, which is called, 
translating its Sioux name, " The Hole in the Mountain." The 
railroad between Lake Benton aud Verdi goes south-southwest fonr 
miles through this gap, bounded on each side by picturesque blufe 
which are buttressed by steep spurs and cut by deep tributary ra- 
vines. Its depth, wholly in the glacial drift, is from 150 to 200 
feet below the knoUy surface of the moraine, and its highest point 
is about 15 feet above Lake Benton, which has its outlet east\^ t 
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into the Redwood river. This valley, from J to J mile wide, was 
evidently excavated by a river that flowed from northeast to south- 
west across this great ridge, which is the highest land in south- 
westerm Minnesota, being 1000 feet above the Minnesota river 
at the northeast, 350 feet above the Big Sioux at the west, and 
about 1960 feet above the sea. For three-fourths of a mile south- 
west from Lake Benton, this channel is double, being divided by a 
remnant of the morainic range, which rises nearly as high as the 
enclosing bluffs. The east pass is called the "Dutchman's Gap," 
and through it the carriage road goes south and then southwest to 
the ''Hole in the Mountain." 

At three other places, 11, 14 and 18 miles northwest from Lake 
Benton (see map of this region on plate VI), similar channels have 
been noted through the massive ridge of this moraine and through 
the smooth sheet of drift that slopes downward from its west side. 
The first of these channels begins at the southwest end of Lake 
Shaokatan, and first extends about two miles southwest, in the 
same course with this lake, through the knolly belt of the mor- 
aine, beyond which its course for the next three miles is northwest 
along its west side, crossing the State line, from section 31, Shaoka- 
ton, to the east part of section 21, T. Ill, R. 47. There it is joined 
from the northwest by the second of these channels, which enters 
the moraine in the southwest quarter of section 7, Shaokatan. 
This is the only one of these gaps through which the drainage now 
takes place, as at the time of their excavation, from the northeast 
to the southwest side of the morainic rancje. Bluffs 75 to 100 feet 
high form the sides of these valleys, enclosing a nearly flat bottom 
land which varies from 300 to 800 feet in width. Lake Shaokatan 
outflows northeastward to the Yellow Medicine river; but the 
highest part of the valley that extends from it southwest and then 
northwest, is only slightly elevated above it. The southwest course 
of the second channel is continued 2^ miles below their junction, 
having about the same depth and width, to the center of section 
30, T. Ill, R. 47, where it enters the last of these remarkable val- 
leys. This lies wholly in Brookings county, Dakota. It extends 
six miles southward from the southwest end of Lake Hendricks, 
and then about a half mile beyond the confluence of the valley 
from Lake Shaokatan, it turns west-southwest. Its depth for the 
first two miles south of Lake Hendricks, where its bluffs are capped 
by the knolls and short ridges of the moraine, is from 160 to 200 
feet Along the remainder of its course to the mouth of the tribu- ^ 
tary channel, its bluffs ascend steeply about 100 feet, ancliz^fncjOOQlC 
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their top a moderate slope rises 40 to 50 feet higher. Below this 
junction the valley slowly diminishes in depth, and after six miles 
reaches an area of low land in the northwest part of T. 11, R. 48, 
which stretches thence to the Big Sioux river. A nearly flat bot- 
tom land from 1-10 to ^ mile wide -extends from Lake Hendricks 
the entire length of this valley. Its highest part, 1^ miles from 
the lake, is about 15 feet above it, the outlet of this lake being 
northeastward to the Lac qui Parle river. 

The channel which has been last described, running south from 
Lake Hendricks, was called by the Sioux " The Brother of the 
Hole in the Mountain," because of its close likeness to the pass 
south, southwest from Lake Benton. The west end of these lakes, 
for about a mile of each, are bordered by hillocks and high bluffs, 
and occupy the extremities of these channels at their entrance 
within the limits of the moraine. Lake Benton is six miles long 
and from one-half mile to a mile wide, its greatest width being at 
the northeast. Lake Shaokatan is about three miles long, and 
from one-eighth two three-fourths mile wide, its maximum width 
being near the middle. The southwest end of this lake is at the 
northeast edge of the morainic belt. Lake Hendricks is three and 
one-half miles long, and its width varies from one-fourth to three- 
fourths of a mile, being greatest near its northeast end. The 
maximum depth of each of these lakes is reported to be about 
15 feet ; and they are bordered on all sides excepting the west by 
smoothly undulating till, which varies from 10 to 30 feet, or 
rarely 50 feet, above them. Thus the hollows in which they lie 
sink about 40 feet below the general level of the drift-sheet at the 
east side of the morainic range, and about 30 feet below the highest 
part of these channels which are continuations from them through 
this moraine and the thick sheet of till at its west side. Nowhere 
else for at least 50 miles next to the northwest from Murray 
county is this massive ridge intersected by any similar channel, 
and its altitude throughout this distance is from 100 to 200 feet 
above these lakes. Its highest portion, forming a belt about two 
miles wide, marked by many hillocks and hollows, appears to have 
been pushed out at the margin of an ice-sheet that lay upon its 
northeast side. The excavation of these channels took place at 
the same time with the accumulation of this moraine, or more 
probably at the close of this part of our last glacial epoch, when 
the ice was being rapidly melted, but before it had receded to its 
inner line of moraine ; for the thick mass of the ice-eheet, rising 

high above its terminal deposits, is the only barrier that we can 
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suppose to have existed to turn the course of drainage across this 
highland, which is now the watershed between the much lower 
broad basins of the Minnesota and Big Sioux rivers, and after this 
was withdrawn to its later limits at its inner moraine, extending 
from Spirit lake to Lake Shetek and Gary, sc lower avenue was 
opened southward to the Little Sioux river. Without reference to 
this barrier, it is evident that the course of the waters that eroded 
these valleys was southwest, because of their extent and fall in this 
direction. The channel that reaches south from Lake Hendricks 
and then southwest descends from the summit, one and one-half 
miles south of the lake, with a very gradual slope which probably 
amounts to 75 or 100 feet in the next ten miles, its width con- 
tinuing nearly the same as where it intersects the moraine. 
Another proof that the course of drainage was southwest is the 
confluence in this direction of the three valleys that cross this 
range at Lake Shaokatan, three miles farther northwest, and at 
Lake Hendricks. 

On the other side of the moraine no well marked valleys extend 
northeastward from the lakes; and their outlets, which run only 
at unusually wet seasons, are turned in a meandering course by 
slight undulations of the surface. There seems to be no indica^ 
tion that the channels through the moraine have become partially 
filled since their excavation, raising them to their summits, 15 feet 
more or less, above Lakes Benton, Shaokatan and Hendricks; while 
yet the position and form of these lakes demonstrate that the por- 
tions of the drift-sheet which would have filled their depressions, 
were carried away by the rivers that cut these gaps. Now it is 
clear that the overflow from a lake lying between the ice-sheet and 
its moraine could not excavate a hollow several miles long below a 
summit which it afterward crossed. Respecting the possible ac- 
tion of subglacial rivers we have little knowledge, but it appears 
improbable that they could erode such hollows, carrying the mate- 
rial forward through higher channels. It is, however, nearly cer- 
tain that this removal of the drift belonging upon the areas occu- 
pied by these lakes took place while the ice-sheet still covered these 
areas and reached to its terminal moraine: but near the end of this 
time when a warmer climate was rapidly melting its surface every 
summer, pouring down large rivers to its margin. By such melting, 
the drift which had been gathered into the ice-mass would become 
exposed upon its surface, and in and near its principal avenues of 
drainage would be washed away. Only in this manner could the 

material of the drift-sheet correspondinir to the depressions of 
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these lakes, be removed by the usual agency, that is, by the cur- 
rent of descending streams. If this be the true explanation, it in- 
volves a very important conclusion respecting the amount of drift 
contained in the ice-sheet and finally exposed by the melting of 
its surface. Modified drift and kames, as also certain features of 
the till and of the terminal moraines, prove that the ice of the gla- 
cial period became considerably filled with the material of the 
drift, gathered up into its mass from the land over which it moved. 

Our last explanation of the origins of these lake basins indicates 
that the ice-held drift here amounted to a sheet at least 40 feet 
thick; but much of it may have been in the lower 150 feet of the 
ice, below the top of its terminal moraine. 

In Dakota the continuation of this outer belt of knolly and hilly 
drift has been traced north-northwest through northeastern 
Brookings county, the center of Deuel county, southwestern Grant 
county and the northeast comer of Codington county. Its width 
is from two to three miles. North from Gai'y the nearly parallel 
inner moraine, very roughly broken upon a width that varies from 
one to two miles, is divided from this western moraine, as "was 
stated on a preceding page, by a width of three or four miles which 
has a rolling surface but is much smoother in its outlines and 
slopes than these specially knolly belts. The inner or eastern mo- 
raine is generally from 100 to 200 feet above the foot of the slope 
on which it lies. This ascends some 250 feet more in the interval 
between this and the outer or western moraine, which lies between 
about 500 and 650 feet above the base of this slope, and approxi- 
mately between 800 and 950 feet above the Minnesota river and 
Big Stone Lake. At the west side of the outer moraine in north- 
em Deuel county and northward after a descent of 20 to 40 feet 
a smooth surface of slightly undulating till succeeds, and within a 
few miles rises 30 to 50 feet, and in some portions 75 feet, above 
the highest hillocks that were heaped at the margin of the ice- 
sheet, this watershed being from 1000 to 1050 feet above the 
Minnesota river or about 2000 feet above the sea. The material of 
these moraines is till with many boulders; and their contour is as 
usual, in many small hills, ridges and irregular hollows. 

The outer moraine crosses northeastern Brookings county from 
sections 15 and 16, T. Ill, B. 47, to sections 1 and 2, T. 112, R. 
48. The southwest end of lake Hendricks and Oak lake lie in the 
east part of this belt. In Deuel county it first extends north 
through the east third of Ts. 113 and 114, R. 48, and thence pass- 
es northwestward to the county line at the north side of sections 
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1, 2, and 3, of its northwest township. Clear lake, the Coteau 
lakes, and the North Two Woods lakes lie at its west side, the last 
i>eing in the depression between this belt of drift hills and knolls 
and the higher smooth surface of till three miles farther north- 
west. In crossing Deuel county from east to west on the Winona 
& St. Peter (C. & N. W.) railroad, the traveler enters the inner 
morainic belt at the west edge of Minnesota, a little east of Gary. 
This line crosses this belt obliquely, occupying about four miles, 
and the next six miles, lying partly on each side of Altamont, are 
among the knolls and small hills of the outer moraine, succeeded 
.by a smooth, slightly undulating area of till, which rises to the 
summit of this line near Goodwin, 2000 feet above the sea, extends 
thence nearly level to Kranzburg, and then descends 250 feet by a 
very gradual slope to Watertown. Several lakes occur between 
these moranic belts in Deuel county, the largest being Lake Alice, 
two miles north of the railroad. 

In southwestern Grant county and the northeast corner of Cod- 
ington county, the west border of the outer moraine extends from 
section 34, T, 118, R. 50, to the southwest corner of section 30, T. 
119, R. 50, and thence passes more westerly to sections 36 and 25, 
T. 120, R. 52. A lake two miles long lies at the southwest side of 
this knolly belt in T. 118, R. 50, and Punished .Woman's lake lies 
within its limits seven miles farther northwest, in the northeast 
township of Codington county. The line of inner moraine in 
Grant county reaches from section 31, T. 118, R. 48, northwester- 
ly to sections 33 and 34, T. 120, R. 50, 

The farther extent of this formation forty miles north-north- 
•west to the head of the Coteau des Prairiea, twenty-five miles west 
of Lake Traverse, has not been explored. The land on which it 
lies is conspicuously seen from the east, as it maintains a continu- 
ous height about 2000 feet above the sea, or 1000 feet above Big 
Stone lake. Brown's valley, and Lake Traverse. Within a few 
xniles north from the head of the coteau, the land in the north- 
-west part of the Sisseton and Warpeton reservation falls 600 feet 
to the lowest portion of the watershed between Brown's Valley 
and the Sheyenne riven 

THB MEDIAL MORAINE FROM THE HEAD OF THE COTEAU DES PRAIRIES 
TO TURTLE MOUNTALN". 

It seems quite probable that a morainic belt of knolly andhillfyGoOQlC 
drift, several hundred feet lower than this most elevated north- 
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western portion of the Coteau des Prairies^ continues in the same 
north-north-west course between the Sheyenne and James river, 
or in part east of the Sheyenne, to the Devil's lake (Mini-wakan),. 
a distance of 175 miles. Nicollet crossed the area between these 
rivers near latitude 46®, 30, about 60 miles northwest from the 
head of the coteau, and remarks that its highest portion "may 
be considered as a continuation of the Coteau des Prairies." He- 
states that in approaching Devil's lake from the southeast, on the 
east side of the Sheyenne river, the highest of the hills at its south 
side, called by the Sioux Mini-wakan-chante^ ''the heart of Devil's 
lake," could be seen at a distance of more than thirty miles. '"The 
lake is on the plateau of the Shayen-oju [Sheyenne river], and is 
surrounded by swells and hills, varying in height from twenty to 

250 feet The lake itself is so filled up with islands and 

promontories, that, in traveling along its shores, it is only occasion- 
ally that one gets a glimpse of its expanse."* 

Turtle Mountain, which is crossed by our national boundary TS* 
to 100 miles northwest from Devil's lake, appears to be a portion 
of the same morainic series. Of this " Mountain " Mr. George M- 
Dawson writes: "It is a broken, hilly, wooded region, with an area 
of perhaps twenty miles square, and slopes gradually upward from 
the plain around it, above which it is elevated, at its highest points, 
about 500 feet Nearly all the abrupt slopes and ridges in Tur- 
tle mountain — of which there are many — show boulders in abun- 
dance, and these appear to be chiefly of Laorentian rocks The 

western is more abruptly hilly than the eastern side, and the more 
prominent ridges have a general northerly and southerly direction 
with intervening valleys characterized by swamps and lakes. 
Large areas of comparatively level, or only gently undulated 
ground, are however found in some places. The surface of the 
' mountain ' appears to be that of the drift, as deposited, and has 
been but little modified by subsequent sub-aerial action. The 
lakes lie in basin-like hollows, and notwithstanding their great 
number, drainage valleys and stream courses are few and unim- 
portant."! 

Gapt. W. J. Twining says: "From Turtle Mountain to the 
southeast, there is a series of rough hills, with intervals of rolling 
prairie, extending to Devil's lake, and thence to Lake Jessie, form- 
ing with the Coteau of the Prairie, on the western border of Min- 

•NlcoUet's Report on the upper Mississippi river, 1843 ; pp^47 ind 50. C\r^rxrs\p> 
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nesota, a line of drift formation almost exactly parallel and simi- 
lar in character to the Coteau of the Missouri."*. 

The principal masses of morainic drift which are found rising in 
prominent hills in or near the line of continuation of this forma- 
tion to the north and northwest, occur in ranges which extend 
from east to west or from northeast to southwest. These include 
the Blue hills, stretching about 75 miles east from the lower part 
of the Souris or Mouse river, and the ranges of the Little Touch- 
wood hills and the Touchwood hills north, of the Qu'Appelle riv-» 
er. Of the last Prof. H. Y. Hind writes: **The general direction 
of the range is N. 26® E. It appears to consist of a series of drift 
hills, many of which rise in rounded dome-shaped forms from the 
summit plateau," which is stated to have a width of four miles and 
an elevation about 500 feet above the prairie on the west, while 
its highest point. Heart hill, is some 700 feet above the plain 
eastward, t 

If any of these morainic deposits northward from the head of 
the Coteau des Prairies were accumulated at the same time with 
the outer terminal moraine, which crosses southwestern Minneso- 
ta, they must be of medial origin, having been heaped where con- 
verging ice-currents were pushed against each other from the 
northeast and northwest, belonging to two vast lobes of the ice- 
sheet. The U-shaped moraine gathered at the margin of that 
which lay on the east, has been already described. It reaches from 
the head of the Coteau and from the Leaf hills south to central 
Iowa. The contemporaneous terminal moraine that marks the 
border of the second of these ice-lobes, lying on the west, extends 
from the head of the Coteau des Prairies about 150 miles south- 
ward on the west side of the Big Sioux river, then bends west 
across the lower part of tiie James river, and beyond turns to the 
north-northwest and northwest, crossing Dakota diagonally be- 
tween the James and Souris rivers on the east and the Missouri 
river on the west, where it forms the conspicuous belts of knolly 
and hilly drift of the Coteau du Missouri. 

THE TERMINAL MORAINE FROM THE HEAD OF THE COTEAU DES PRAI- 
RIES TO THE COTEAU DU MISSOURI. 

The course of the moraine accumulated at the east border of this 
western lobe of the ice-sheet has been mapped for me in Codington 

* Report upon the Surreu of the Boundary of the United States from the Lake of the ^ r\r\r^]r> 
Woods to the Roeky Mountains, 1870 ; p. 72. izea Dy ^^jiJOV ^^ 
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and Hamlin counties by Mr. C. C. Wiley, land agent at Water- 
town, Dakota. He describes the formation in these counties as 
averaging about one mile in width, its material being till with 
abundant boulders, and its surface broken with many short ridges 
and hillocks, very irregular in their arrangement and variable in 
height, the most conspicuous being about 100 feet above the ad- 
joining country. In general features this belt of hilly drift west 
of the Big Sioux is stated to be nearly the same with the morain- 
ic belts, which are crossed in Deuel and Grant counties, in going 
^ODi Watertown east to Canby, or northeast to Big Stone City and 
Ortonville. The peculiar knolls and small hills of these moraines 
are'rilmobt universally called "coteaus;'' and the belts occupied by 
them are very noticeable and unmistakable because of their rough 
topography and inferior agricultural value, in comparison with the 
smoothly undulating sheet of till which covers the remainder and 
much larger part of this region. Mr. Wiley reports that this mo- 
raine enters Codington county from the Sisseton and Warpeton 
reservation at the north, in the west edge of T. 119, R. 58, passing 
Indian lake, rising most prominently at the west side of section 
31 of this township, and continuing two miles farther to the lake 
at the south side of Sec. 7, T. 118. R. 53. Through the next three 
or four miles this formation is inconspicuous, but regains its usual 
rough contour in Sees. 35 and 36 of T. 118, R. 54, and thence ex- 
tends with a course a little east of south to the west ends of Lake 
Eampeska and Pelican lake, and thence south 3 J miles to the north 
line of Hamlin county. Its highest elevations occur is Sec. 13, T. 
117, R. 54, one to two miles north of the west end of Lake Kam- 
peska; south of this lake, in Sees. 5 and 6, T. 116, R. 53, lying six 
miles west of Watertown, and in the S. E. J of Sec. 19 of the same 
township. From Sec. 13, T. 117, R. 54, a branch series of the 
drift hills extends three miles west and then seven miles northwest, 
bordered by several lakes on each side and ending in Sees. 26 and 
23, T. 118, R. 55, at the west side of the largest of these lakes. 
The road from Watertown to the James river follows nearly the 
course of this range, which may be a medial moraine. In Ham- 
lin county the course of this formation is first southeast through 
Sees. 4, 10 and 14, T. 115, R. 53, then south from section 23 of 
this township to Sec. 26, T. 114, R. 53, next south-southwest about 
three miles, and lastly south-southeast five miles, lying at the east 
side of three lakes, in T. 113, R. 53, and reaching the county line 
at the southeast comer of this township, at the southwest end of 

Lake Poinsett. ^ r^ ^ 

Digitized by VjOOQIC 



STATE GEOLOGIST. 331 

Southward the peculiar '^coteaus'' of this formation continue, as 
described to me by various travelers, in a course a little to the aast 
of south about 40 miles, with a width of from two to five miles, 
passing a few miles east of Nordland in southwestern Brookings 
county, through the northeastern border of Lake county, and into 
southwestern Moody county. Thence the series appears to bend 
southwest and west through the northwest edge of Minnehaha 
county. A range of these drift hills which is reported in T. 106, 
R. 55, at the west side of Lake county, is probably of medial ori- 
gin. Of the farther course of this moraine, perhaps south through 
McCook and Turner counties and the north part of Yankton coun- 
ty, no definite information has been obtained. 

THE COTEAU DU MISSOURI. 

At the west side of this great lobe of the ice-sheet, its terminal 
deposits constitute the most broken portion of the Coteau du Mis- 
souri, generally forming its line of watershed. A second morainic 
belt appears also to be described 30 or 40 miles further west, lying 
at a distance of ten miles, more or less, east from the Missouri riv- 
er. A part of this formation extending about twenty miles north- 
northwesterly in northeni Aurora county and southeastern Hand 
county, lying about 30 miles west of Huron, has been named the 
Wesington hills. 

Nicollet crossed the Coteau du Missouri in a northeast direction 
from Fort Pierre to the James river near the south line of Brown 
county, about west of Ortonville. On this route, within a few 
miles from the Missouri, its bluflfe rise about 500 feet, attaining a 
height between 1900 and 2000 feet above the sea. The upper por- 
tion of these bluffs and the surface thence all the way to the 
James river, is reported to be drift. About 15 miles east of Fort 
Pierre, in the vicinity of East Medicine Knoll creek, a morainic 
area appears to have been crossed, respecting which Nicollet writes: 
''It is to be remarked of the prairies of this region, that they pre- 
sent low, insulated hillocks, to which the Sioux apply the some- 
what generic name of re or pahah^ according as they are more or 
less elevated above the surrounding plain 

Before quitting the forks of East Medicine river we had made an 
ample supply of water and wood; a necessary precaution, for soon 
every appearance of running water disappeared. The green plains 
regain their uniformity, bounded only by the horizon, and present- ^^^^T^ 
mg a smooth surface, without one spng or grass higher than an- o 
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other. The deep furrows made by the buflfaloes in their migrat- 
ing excursions from north to south and from south to north, are 
the only irregularities of the surface. However, as the direction 
of our route is towards the eastern border of the plateau, we could 
not help remarking that there the undulations of the prairie are 
shorter, their intervals deeper, and finally swell into hills of 80 to 
100 feet in elevation. We had then reached the dividing ridge be- 
tween the waters that empty into the Missouri and those that flow 
into the river Jacques'' [near the northwest comer of Hand coun- 
ty, 40 miles northeast from the knolly tract first crossed]. *'The 
mean elevation of this ridge above the sea, is 2,100 feet, and 
goes to 2,200 feet, if the mean height of the hillocks formed of the 

erratic deposit be taken into the estimate A few 

miles farther east we reached the extreme verge of the eastern 
limit of the Coteau du Missouri, whence a most magnificent spec- 
tacle presents itself, extending over the immense hydrographical 

basin of the Tchan-sansan, or river Jacques [James], 

The basin of the river Jacques between the two coteauu" [in lati- 
tude 45® 15\ near the south line of Brown county] "may be laid 
down as having a breadth of 80 miles, sloping gradually down 
from an elevation of 700 to 750 feet,"* 

Prof. Cyrus Thomas descnbes the Coteau des Prairies as divided 
southward into two arms, of which the western "encroaches close 
upon the James river valley, about latitude 44® 15', where it ends; 
the other arm reaches southeast, passing down on the east side of 
the headwaters of Big Sioux and gradually fades out in the south- 
west corner of Minnesota The other plateau is the 

Coteau of the Missouri. This hugs the valley, and follows the 
course of the Missouri northward from Fort Sully" [15 miles below 
the mouth of the Cheyenne river] "to the great bend of the river 
near the mouth of the Yellowstone. Here it recedes and extends 
in a northwest direction into British Possessions, where it gradu- 
ally fades out and is lost. It varies in width from thirty to fifty 
miles, and in height from 1,800 to 2,200 feet above the sea; but 
the surface is more irregular than that of the other coteau, portions 
of it rising as much as 200 feet above the general average. The 
general elevation corresponds very closely with that of the Coteau 
des Prairies, showing very clearly some relation between the two. 
On each are numerous small lakes, mostly impregnated, more or 
less, with saline matter, and at many points on each, boulders are 
quite plenty." f 

♦Nicollet's Report on the Upper Misaisstppi, 1843, pp. 44 — 16. 

tl7. a. Qeol. Survey of the Territory, 1872, p. 294. r. . . , , 

Digitized by 



Google 



STATE GEOLOGIST. 333 

Dr. F. V. Hayden writes or the drift deposits, evidently morainic, 
which cover portions of southeastern Dakota, and of the 
Coteau du Missouri, as follows: '^North of the Missouri river, 
from the Big Sioux river to Fort Clark" [40 miles north of Bis- 
marck], '^there are districts where one might walk for miles across 
the plains and over the hills, without stepping upon the ground, 
so closely paved is it with worn or partially worn boulders."* 

On the line of the Northern Pacific railroad the Coteau du Mis- 
souri is composed of till with frequent boulders, and has a rolling 
surface with many lakes, but does not rise in prominent hills. Its 
height is from 1800 to 1900 feet above the sea, the James river on 
the east being 1400, and the Missouri river on the west, 1650. 

Gov. Isaac I. Stevens traversed the Coteau du Missouri from the 
west side of the loop of the Souris or Mouse river in Dakota west- 
erly to Fort Union at the mouth of the Yellowstone and west line 
of this territory. "The distance from Mouse river to Fort Union, 
as traveled, was 118J miles. The route crosses the Grand Coteau, 
a collection of high, stony and barren knolls, with great numbers 
of small ponds lodged between the hills The gen- 
eral elevation is between 2,000 and 2,600 feet, and it descends 

again at the Missouri (Fort Union) 2,019 feet The 

plateau between jthe Missouri and Mouse river, cannot be called 
simply a rolling prairie, though in detail resembling the hilly prai- 
ries noticed, although in a very exaggerated degree, having a 
general similarity of outlines, an absence of wood and rocks in 
place, boulders plentiful, ponds and marshes, if possible, more fre- 
quent; but the elevations are so much greater as to form consider- 
able hills and ridges several hundred feet high, which become still 
more rugged on the approach to Fort Union, where they end 
abruptly on the level intervale of the Missouri. "f 

Mr. George M. Dawsan, geologist of the British Boundary Com- 
mission for establishing the line between the United States and 
British America from Lake of the Woods to the Rocky Mountains, 
gives an admirable description of this belt of roughly hilly drifts, 
where it passes beyond our national limits at the northwest corner 
of Dakota, 120 west of Turtle Mountain. ''The Missouri Coteau 
is one of the most important features of the western plains, and is 
certainly the most remarkable monument of the glacial period now 
existing there. I have had the opportunity of examining more or 

tReport of same, 1870, p. 174. These quotations are cited by Mr. 6. M. Dawson, in con- 
nection with his description of the Coteau du Missouri in the vicinity of the 49th paiullel 

*IUpfjrtti of Exploratiom and Surveys for a Railroad from the M%S8xa8ippi River to the 
Bacifid Ocean made \n 1853-5 ; i860. Vol. xii, Book i. pp. 84 and 85. 
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less carefully that portion of it wtich crosses the forty-ninth par- 
allel, northwestward for a length of about 100 miles. On the 
parallel, the breadth of the Coteau, measured at right angles to its 
general course, is about 30 miles; and it widens somewhat north- 
ward. On approaching its base, which is always well defined at & 
distance, a gravel ascent is made, amounting in a distance of 25" 
miles to over 150 feet. The surface at the same time becomes 
more remarkably undulating, as on nearing Turtle Mountain from 
the east, till almost before one is aware of the change, the trail is 
winding among a confusion of abruptly rounded and tumultuous 
hills. They consist entirely of drift material; and many of them^ 
seem to be formed almost altogether of boulders and gravel, the 
finer matter having been to a great extent washed down into the 
hollows and basin-like valleys without outlets with which this dis- 
trict abounds. The ridges and valleys have in general no very 
determined ^^irection; but a slight tendency to arrangement in 

north and south lines was observable in some places Taking 

the diflFerence of level between the last Tertiary rocks seen near 
the eastern base of the Coteau, and those first found on its western 

side, a distance of about 70 miles, we find a rise of 600 feet 

On and against this gently inclined plane the immense drift depos- 
its of the Coteau hills are piled. The average elevation of the 
Coteau above the sea, near the forty-ninth parallel, is about 2,000^ 
feet; and few of the hills rise more than 100 feet above the gen- 
eral level From what I can learn of this region it would 

appear that the so-called Coteau des Prairies and Coteau de Mis- 
souri, between which a distinction is made on the maps, are parts 
of the same great feature. Their elevation is similar, and nearly 
the same as that of the Coteau on the line; and they are equally 
characterized by the immense profusion of erratics with which 
they are strewn, and by basin-like swamps and lakes. The Coteau 
des Prairies, however, stretches furthest, and dies away only in 
the southwestern corner of Minnesota. In the Coteau, then, we 
have a natural feature of the first magnitude, a mass of glacial 
debris and traveled blocks, with an average breadth of perhaps Z& 
to 40 miles, and extending diagonally across the central region of 
the continent for a distance of about 800 miles." 

In British America, between the 49th and 50th parallels, a plateau 
of Tertiary strata, higher than these drift deposits, rises at their 
southwest side, its slope near the border of the Coteau being char- 
acterized by lakes or chains of lakes, which ''have a winding river- 
like form, and fill steep-sided valleys. These ^eat old valleys have 



Digitized by 



Google 



STATE GEOLOGIST. 335- 

now no outlet; they are evidently of preglacial age, and have- 
formed a part of the former sculpture of the country. The heaping 
of the great mass of debris of the Coteau against the foot of the 
Tertiary plateau has blocked them up and prevented the waters from 
finding their way northward as before ; and since glacial times the- 
rainfall of the district has never been sufficiently great in proportion 
to the evaporation to enable the streams to cut through the barrier 
thus formed. The existence of these old valleys, and the arrange- 
ment of the drift deposits with regard to them, throw important 
light on the former history of the plains. Northward the Coteaii 
ceases to be identified with the Tertiary plateau, and rests on a 
slope of Cretaceous rocks. It can be followed by Palliser's and 
Hector's descriptions of the country to the elbow of the Soutk 
Saskatchewan, and thence in a line nearly due north through the 
Eagle and Thickwood hills'' [the former lying at the west side of 
the South Saskatchewan below its elbow, and the latter north of 
the North Saskatchewan, about 75 miles west of the junction of 
these rivers and 300 miles west of Lake Winnipeg]; ''beyond the 
North Saskatchewan, however, it appears to become more broken 
and less definite. In Dr. Hector's description of certain great 
valleys without outlet in this northern region, I believe I caa 
recognize there too the existence of old blocked-up river-courses 
similar to those just described."* 

It appears that north of latitude 50® this formation consists, as. 
in Freeborn county and upon the Coteau des Prairies in south- 
western Minnesota, of two nearly parallel ranges or belts of knolly 
and hilly drift. Besides this series of drift hills of Dawson's re- 
port and map, west of the South Saskatchewan river, or South. 
Branch, between its elbow and its confluence with the North 
Branch, another morainic belt occurs at its east side along this 
distance, of which Prof. H. Y. Hind writes as follows : "A con« 
tinuation or spur of the Grand Coteau comes on the Qu'Appelle 
river at the height of land about 18 miles [east, southeast] from 
the elbow of the South Branch. Here it is called the 'Eyebrow 

Hill Range ' by the Crees The South Branch flows for 

fully 200 miles from the elbow at the foot of this continuation 
of the Eyebrow Hill Range, in a northerly direction, and its deep 
excavated valley appears to lie at an average distance of twelve 
miles from it. This range is cut by several narrow deep valleys ; 
and from the small lakes or ponds which occupy their summits, 

♦ G. M. Dawson, in Quarterly Journal Oeol. &'oc., for Nov.. 1875, vol. xxxl. pp. 614--«16 ;. 
and more fully In Rep, on Otol. on the Forty -ninth Parallel, 1875. pp. 227—237. f^ T 
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water, during spring freshets, flows to the Saskatchewan and 

Assiniboine It appears to terminate suddenly in the form 

of an isolated hill about 400 feet above the plain, called 'The 
Lumpy hill of the Woods.' ........ From its summit an undu- 
lating open country, dotted with lakes and flanked by the Birch 
hills is visible towards the east. South and southwest is a lake 
region, also north and northeast. These lakes are numerous and 
large, often three miles long and two broad. Seventeen large lakes 
can be counted from the Lumpy Hill ; hill ranges in several direc- 
tions can also be discerned. The most important of these are the 
Bloody hills, the Woody hills, far in the prairie west of the South 
Branch, and the chain of the Birch hills running from the Lumpy 

hill [north-]easteriy This eminence consists of drift 

«and and clay, with boulders on its summit.''* 

The origin of the morainic range of the Touchwood hills, briefly 
described on a preceding page, seems very probably to have been 
as a medial branch about 150 miles in length, diverging north- 
easterly from the Coteau du Missouri at about 40 miles south of 
the Eyebrow hill and the head of the Qu'Appelle river. Twenty- 
five miles east-southeast from the Eyebrow hill, the Qu'Appelle 
intersects this belt of drift hills at the head of Buffalo Pound Hill 
lake. Prof. Hind says: '"The whole country here assumed a dif- 
ferent appearance; it now bore resemblance to a stormy sea sud- 
denly become rigid; the hills were of gravel and very abrupt, but 
none exceeded 100 feet in height. The Coteau du Missouri is clear- 
ly seen from Buffalo Pond Hill towards the south, while north- 
easterly the Last Mountain of the Touchwood Hill range looms 
gray or blue in the distance. Between these distant ranges a tree- 
less plain intervenes. "t 

THE BLUE HILLS AND THE MESABI RANGE. 

The Blue hills of the Souris, extending 75 miles east from the 
northwest side of the Souris or Mouse river near its mouth, about 
30 miles north of Turtle Mountain, to the escarpment called Pem- 
bina mountain, which forms the west boundary of the plain of the 
Red river valley, appear to be part of a terminal moraine, accumu- 
lated at the front of the ice-sheet during a halt in its retreat, per- 
haps attended by some readvance, long after it* had withdrawn 
from the Coteau of the Missouri and the Coteau of the Prairies. 

• Report of Ihe AssinilMine arid SasluUchewan Exploring Expedition, 1850 ; pp. 2T, 28, 67 
«nd68. 
tSame report, p. 53. 



Digitized by 



Google 



STATE GEOLOGIST. 337 

The Mesabi range of drift hills in northern Minnesota,* reaching 
from Winnebigoshish and Bowstring lakes easterly to the sources 
the St. Louis and Vermilion rivers, and thence east-northeast up- 
on a region which has frequent exposures of the bed-rocks, some- 
times in more conspicuous hills than those of the drift, is believed 
to be another part of the terminal moraine. The topographic fea- 
tures of these series of drift deposits indicate this origin; and their 
geographic position makes it probable that they are contemporane- 
ous with each other, and certain that they are more recent than 
the terminal moraine which extends from the coteau to Mineral 
Ridge in Iowa, thence northward to the Leaf hills in Minnesota, 
and from there east and southeast to the Kettle Range in Wiscon- 
sin, Professor Hind states that the Blue hills of the Souris are 
composed of drift derived chiefly from the Cretaceous rocks which 
underlie that region, and their height is marked on his map as 
from 50 to 500 feet, the valley that the Souris has cut through the 
range being 350 feet high. 

MODIFIED DRIFT AND LOESS. 

When the ic©-sheet extended to the Coteau du Missouri, the 
Coteau des Prairies, and the Kettle moraine, the floods formed by 
its summer meltings were carried southward by the present avenues 
of drainage, the streams which occupied the areas between its great 
lobes in order from west to east being the Big Sioux, Mississippi^ 
and Wisconsin rivers. The vast glaciers which were gathered up- 
on the Rocky mountains, and the ice-fields which sloped down- 
wards to their termination at the coteaus and the moraine north 
and east in Minnesota and Wisconsin, supplied every summer im- 
mense floods laden with silt, sand, and gravel, that had been con- 
tained in the melting ice. Very extensive deposits of modified 
drift were thus spread along the course of the swollen Missouri 
and Mississippi. The Orange sand and gravel, described by Prof. 
E. W. Hilyard and others in the lower Mississippi valley, appear 
to have been deposited in this way, but during the earlier glacial 
epoch when an ice-sheet reached in Dakota beyond the Missouri 
river to a termination 40 miles west and 20 miles southwest of 
Bismarck,t into northeastern Kansas, half way across the State of 
Missouri, and nearly to the Ohio river. 

In the closing stages of this epoch and during the time succeed- 
ing till the date of the terminal moraine of the Coteaus and especial- 

♦Seventh An. Bept. Geol. and Kat. Hist. Survey of Minn, for 1878, p. 12 ; and Col.C. 
Vniittiesey's Report on Mineral Regions of Minnesota, 1866 ,pp. 8 and 44. 

tPpof. K. H. Wlncheirs Reiwrt to Capt. Ludlow, on Geology of the Black Htlls of Dako- 
ta, 1875 ; pp. 22 and 60. uigitizea Dy v 
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ly at the final retreat of the ice-sheet of this later epoch, the deposi- 
tion of the overlying, finely pulverized, arenaceous and calcareous 
silt, called the Bluff formation or Loess, took place. This covers 
considerable areas along the Mississippi from southeastern Minne- 
sota to its mouth; but its greatest thickness and extent are found 
in the basin of the Missouri river from southern Dakota to its junc- 
tion with the Mississippi, and upon the region crossed by the 
Platte or Nebraska river, its longest tributary from the west, 
which takes its headwaters from a large district of the Rocky 
mountains. The continuity of this formation from the borders of 
the ice-sheet and the glaciers of the Rocky mountains to the shores 
of the Gulf of Mexico, the absence from it of marine shells, and 
the presence of land and fresh water shells, indicate that its deposi- 
tion was by slowly descending floods, uplifted upon the surface of 
this sediment which was being accumulated during every summer 
through a long epoch, in the same manner that alluvium is now 
spread upon the bottom lands of our rivers at their times of over- 
flow. The occurrence of the loess in Guthrie, Carroll, Sac, and 
Buena Vista counties in Iowa, covering the region next west of 
the terminal moraine, with its surface 50 feet above these drift 
hills and 100 feet above the undulating area of till adjoining their 
east side, proves that during the time of deposition of this part of 
the loess the ice-sheet extended to this limit and was a barrier pre- 
venting the waters by which this sediment was brought from flow- 
ing over the lower area of till that reaches thence east to the Des 
Moines river. When the the ice-sheet retreated beyond the water- 
shed of the Missouri basin, the principal source of these floods and 
their sediment was removed, and the subsequent work of the rivers 
which cross the area of the loess has been to excavate their present 
valleys or channels, bounded by bluffs of this formation. 

RECESSION OF THE ICE-SHEET. 

The departure of the ice-sheet appears to have taken place by 
melting which affected large areas of its surface, causing the ice to 
disappear from wide districts without leaving upon them any de- 
posits pushed out at its border or accumulated at lines where 
opposing ice-currents met. Anon a colder epoch causes the thick- 
ness and extent of the ice-fields to increase again, and another ter- 
minal moraine is formed at its margin. In Minnesota, Iowa, 
Dakota and British America, the first halt or readvance is marked 
by the inner morainic series which appears east of the South 
Saskatchewan; in the east belt of drift-hills upoif' ^ffife Coteaa 
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the Missouri; and, as traced by the writer, on the Coteau of the 
Prairies from Grant county in Dakota, through southwestern 
Minnesota, and at least to the south line of Palo Alto county in 
Iowa, and on the east side of this lobe of ice-sheet from Rice 
county in Minnesota, southward through Waseca, Steele and 
Freeborn counties in this State, and Winnebago, Hancock and 
Wright counties in Iowa. This inner moraine is from two to 
twenty-five miles distant from the outer approximately parallel 
moraine. The courses of drainage which were now taken by the 
waters that flowed from the ice-border were nearly identical with 
those of the present time on the east side of the great ice-lobe 
which reached from Minnesota to central Iowa. On its west side 
the drainage from the Coteau des Prairies, between the morainic 
belts, including the sources of the Des Moines river in Murray 
county, and the waters of Heron lake and its tributaries, went 
southward by the Little Sioux to the Missouri river, instead of go- 
ing southeast, as now, by the Des Moines to the Mississippi. Thence 
northwest to the British Possessions, there was an unobstructed 
descending slope southward from the margin of the ice-fields; but 
a lake filled the valley of the South Saskatchewan, west of the Eye- 
brow Hill range and the Lumpy Hill of the Woods,* because in 
the direction of descent of this valley the ice-sheet was a bar- 
rier. The outflow of this lake where the ice-sheet terminated at 
the Eyebrow Hill range and the inner morainic belt of the Co- ^ 

teaus, was doubtless southward to the Missouri. 

Again a more geniil climate prevails, and when it is next inter- 
rupted by a cold epoch and the formation of another conspicuous 
series of drift-hills, the outlines of the ice-sheet are greatly chang- 
ed. From southeast Dakota its border has receded to the north 
400 miles, and lies beyond our national boundary at the Blue Hillis 
of the Soaris. The region through which the Assiniboine flows, 
and the lower part of that crossed by its tributary, the Qu' Appellci 
were still deeply covered by the ice which probably terminated 
westward near the Last Mountain and Touchwood hills, the Birch 
hills and the junction of the North and South Saskatchewan. 
From central Iowa the ice-front had also retreated 400 miles to 
the Mesabi range in northern Minnesota. Three-quarters of this 
distance was the vast glacial tongue or lobe which stretched from 
the Leaf hills to the vicinity of Des Moines, bounded by a land 
surface on the west to the head of the Big Sioux river, and on the 

*Prof, H. Y. Hind's Report of the Assiniboine and Sascatcheican Exploring Ejjpcdi-/^^ T 

tion, p. 118. Digitized by VjOOQ IC 
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east to the Leaf hills. During the disappearance of these vast 
areas of ice, the rivers which flowed from them were swollen to 
floods like the largest which, in exceptional years, accompany the 
sudden melting of the accumulated snows of winter. These last 
only a few days, but at the departure of the ice-sheet it is evident 
that such floods were prolonged through the entire summers of a 
long period of years. The abundant deposits of drift, both strati- 
fied and unstratified, that took place during the final melting of 
the ice, has been brought into due prominence by Prof. James D. 
Dana, who denominates this the champlain period. Much of the 
drift which had been coi^tained in the glacial sheet was now drop- 
ped without being transported or assorted by water, and forms the 
upper part of the till. The remainder of this drift was removed 
by the streams that descended from the surface of the melting ice- 
fields, and its coarser portions were partly deposited in the chan- 
nels of these glacial rivers, walled upon each side by ice, which 
afterward melted, leaving the ridges and mounds of interbedded 
gravel and sand called kames. These are generally inconspicuous 
in Minnesota, and from no long series such as have been described 
in the eastern States. The finer gravel and sand were mostly 
borne beyond the ice-margin, and were soon deposited, often with 
a more or less undulating surface, sometimes forming swells or low 
hills, but more generally in nearly flat plains of considerable ex- 
tent, sloping a few feet per mile in the direction of the currents 
of the descending floods by which they were carried. Such beds 
of modi^ed drift cover considerable portions of the basin of the 
upper Mississippi, from Minneapolis and Anoka county north 
to the Northern Pacific railroad, and to the lakes through which 
this river flows near its source. Along this distance the present 
channel has been excavated from 30 to 75 feet deep below the 
flood-plain which was overspread during every summer by the 
waters supplied by glacial melting in this epoch. The finest silt 
and clay were carried farthest, being partly deposited in spaces of 
nearly still wat«r along this upper valley, but also adding largely 
to the loess along the whole extent of the river below. 

Lakes were formed at many places by this great recession of the 
ice-sheet, where they have long since disappeared, either by cutting 
their outlets so deep that they were emptied, or by the removiJ of 
the ice-sheet which during its retreat northward formed the bar- 
rier by which they were enclosed. The most notable of the first 
class appears to have occupied the valley of the James river a^ 
Jamestown, until its overflows cut the deeply excavated channel 
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through which this river flows in southeastern Lamure and Brown 
counties. During the time of this erosion the volume of water 
flowing here was greatly augmented by glacial melting, and cut a 
deeper channel than the present diminished river has maintained^ 
the silt since brought down by tributary streams having formed 
dams by which the river is changed to a series of long shallow 
lakes in these counties. A. lake of the second class, held by the 
barrier of ice, covered the greater part of the basin of the Blue 
Earth river in Southern Minnesota, gradually extending north from 
the watershed at the south side of this basin, until the melting of the 
ice-sheet on the area crossed by the Minnesota river below Man- 
kato allowed drainage to take its present course. The extent of 
this lake is indicated by the very smooth and flat aurface of the 
till, which is imperfectly stratified in many places, on the greater 
part of Faribault, Blue Earth, and southwestern Waseca counties. 
Its outlet is found in Kossuth county, Iowa, at the head of the 
most southern branch of the Blue Earth river, where Union slough 
occupies a continuous channel from the headwaters of the Blue 
Earth to Buffalo creek and the East Fork of the Des Moines. It 
is stated that at time of high water an uninterrupted canoe voyage 
has been made by this route from Algona on the East Des Moines 
river north to Blue Earth City. This glacial channel is about 
eight miles long, extending in a southerly course ; and its width 
is from one-eighth to one-fourth mile, with enclosing blufife which 
rise steeply 20 to 30 feet to the general surface of moderately un- 
dulating till on each side. Its bottom along the Union slough, 
where its descent was southward, is now mainly occupied by a 
marsh, because of the partial filling up of its continuation since 
the ice age. 

During the epoch in which the ice-sheet was accumulating the 
terminal moraine of the Mesabi hills and the Blue Hills of the 
Souris river, the lake in the South Saskatchewan valley remianed, 
held by the ice-barrier on the north ; but it found a lower outlet 
than before at the divide between the River that Turns and the 
Qu'Appelle, 12 miles southeast from the elbow of the South Sas- 
katchewan. A little farther east this outlet cut through the 
Eyebrow hill ridge, but its waters could not follow the present en- 
tire course of the Qu'Appelle, because the region of its lower portion 
and of the Assiniboine river were still covered by the ice-sheet. 
By this barrier the outflow from the Saskatchewan lake was turned ^ ^ 

south into the Souris or Mouse river, probably by the Souris Fork, jOOQIC 
tributary to the Qu'Appelle about 75 miles east, southeast from 
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the head of this river and near the junction of its North Fork from 
Long lake. The Souris river was also turned by the ice-sheet in a 
diflPerent course from that which it now takes. At the time of 
melting and retreat of the ice from the Coteaus, a lake covered the 
smooth, low area through which the loop of this river flows west 
of the medial moraine of Turtle Mountain. This at first probably 
found an outlet east by the Big Coule and Sheyenne river ; but 
when the ice-border retired to its terminal line at the Blue hills, it 
appears that this lake was emptied by the Souris river, which took 
its course as now north of Turtle Mountain. It could not con- 
tinue, however, to its present mouth, but was turned, probably 
flowing through a lake, at the very front of the ice-sheet, and sent 
its waters, including those of the Saskatchewan lake, by the avenue 
of the Back Fat creek and lakes, to the Pembina river.* A feature 
which marks nearly every stream that was thus the outlet of floods 
supplied by glacial melting, after they had been freed from the 
greater part of their sediment by flowing through a lake, is that 
the channel then excavated has been since partially filled by the 
silt of its tributaries, holding back the waters of the present rivers, 
in long, narrow and usually shallow lakes. The Back Fat lakes, 
•and Rock and Swan lakes on the Pembina river, illustrate this ; 
80, too. Lake Traverse, Big Stone lake and Lac qui Parle, in the 
valley which was the outlet of Lake Agassiz ; and, still more 
tiotably, the lakes of the Qu'Appelle river. 

The description, map, and section of the Qu'Appelle or Calling 
river and its bluflSs, given in Professor Hind's valuable report, show 
that this valley is quite uniformly about one mile wide, and is from 
110 to 350 feet below the general level of the region through 
which it lies, this height being reached by steep bluflfe on each side. 
Its length, from the elbow of the South Saskatchewan to its junc- . 
tion with the Assiniboine is 268 miles, the general course being a 
little to the south of east. Of this extent the west end of the 
valley for 12 miles is occupied by the River that Turns, and the 
remainder by the Qu' Appelle, the summit or height of land in this 
-channel at the divide between these rivers being 85 feet above the 
South Saskatchewan, and approximately 285 feet above the junc- 
tion of the Qu'Appelle and Assiniboine rivers. The following 
table brings into view the remarkable topographic features of this 
valley, which is closely like that of the Minnesota river and Lake 
Traverse. Its alluvial bottomland appears to be from one-half 
«nile to one mile wide, and through it the river flows in a winding 

• Hlud's Report, pp. 118 and 168. uigitizea Dy ^^J v^OQlC 
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coturse, hete and there passing through long lakes. The enclosing 
hlxiSs are composed mainly of glacial|till, with only a few exposures 
of the underlying Cretaceous rocks in this distance. 



Section along the valley of the Qu'Appelle River, 



LOCALITY. 


Distances 
in miles 
fr'm mouth 
of Qu'Ap- 
pelle river. 


Approxi- 
mate 
heights in 
feet above 
the sea. 


Maximum 

depth of 

laJkesin 

feet. 


Aproximate 

height of 

bluffs in 

feet. 


Mouth of Qu'Appelle river 




1282 
1343 
1367 
1422 
1423 
1426 
1426 
160t 
1512 
1662 
1667 
1649 
1482 




240 


Bound lake 


41-46 
57-62 
108—114 
116—118 
119—124 
IM— 133 
184—186 
IW— 210 
240—244 
256 

260-261 
268 


30 

36 

66 

48 

57 

64 
about 15 
about 20 
about 20 


310 


Croolted lake 


300-320 (p60) 


First Fishing lake 


a00-S60(pl44) 


Second Fishing lake 


275 


Third Fishing Take 


270 


Fourth Pishing lake 


270 


iJie...;!:.......^.::. ...:..:.::.::...:. 


185 


Buffalo Pound Hill lake 


180 


SandHUIlake 


116—160 


Height of land 


110—140 


Ponds on the River that Turns 


about 10 


110 


Elbow of the South Saskatchewan river 


140 









The east part of this valley and the Assiniboine valley which it 
joins were excavated after the ice-front had receded from its ter- 
minal moraine at the Mesabi and Blue hills, but apparently before 
its barrier was removed from the northeast end of the glacial lake 
in the Saskatchewan valley. The outflow of this lake, fed by the 
melting ice-fields of an immense area, reaching west to the glaciers 
of the Kocky Mountains, now took its course easf by this singular, 
trough-like channel or valley, occupied to-day by the River that 
Turns and the Qu'Appelle, entering the Assiniboine at Fort Ellice, 
and reaching the border of Lake Agassiz near the mouth of the 
Souris river. The delta which this stream brought into Lake 
Agassiz forms a large area of sand hills and dunes, which extends 
50 miles along the north side of the Assiniboine river next below 
the mouth of the Souris. During this time the ice-border lingered 
upon the highlands of the Riding or Dauphin Mountain, Duck 
Mountain, Porcupine hill and Pas Mountain at the west side of 
Manitoba, Dauphin and Winnipegosis lakes. 

Step by step we have now followed the departing ice-sheet in its 
retreat from the terminal moraine of the Leaf hills and the Coteau 
des Prairies. For a time it had paused at the lines of the Mesabi 
rUid Blue hills; but when this delta was accumulated, it had again 
receded probably beyond the limits of Minnesota. Lake Ag^ggJjSj^ (^qqqI^ 
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held by this glacial barrier, had gradually extended from the 
height of land in Traverse county at the west side of this state, 
covering the flat valley of the Red River of the North, and reach- 
ing east at the north side of the state, beyond this basin, over a 
considerable part of that of the Lake of the Woods and Rainy 
Lake river. With the farther recession of the ice, the west shore 
of this glacial lake was extended along the great terrace which 
had been eroded, probably before the ice age, in the Cretaceous 
strata, forming Pembina, Riding and Duck mountains, Por- 
cupine Hill and Pas Mountain. These consist of drift at their 
summits, and apparently to a great depth, and they form, with 
the Lake of the Woods and Vermilion lake, a dividing line be- 
tween a region on the southwest, which is distinguished by very 
thick drift deposits, averaging from 100 to 200 feet in thickness, 
with rare exposures of the older rocks, and a region on the north- 
east, which has a comparatively thin sheet of drift, with abundant 
outcrops of the bed-rocks. At length the ice-sheet was melted be- 
tween Lake Winnipeg and Hudson Bay, causing Lake Agassiz to 
be drained in that direction. At first, however, this took place by 
a pass about 90 feet higher than the present outlet of this basin by 
Nelson river, as shown by the well marked beach ridges at this 
height in the valley of the Red River and near Lakes Winnipeg 
and Manitoba,'^ 

ELEVATIONS. 

The following series of elevations have been determined by rail- 
road surveys within the district specially explored and described in 
this report. Unless otherwise indicated, they refer to the track or 
grade at the depots, summits and depressions of the railroads; and 
all are stated in feet above the level of the sea at mean tide. They 
are given as they were received or copied from the records and pro- 
files of these roads, and a comparison of their points of intersec- 
tion, and of the determitiations erf the height of rivers, shows that 
they are all quite near the truth. The limits of error are appar- 
ently less than ten feet for all, excepting the line west from Sa- 
lem in southeastern Dakota, which is a preliminary survey, mak- 
ing the James river some twenty feet higher than the two other 
elevations of this river at points farther north require. 

Respecting the heights of the terminal and medial moraines, 
which close this list, it should be borne in mind that these depos- 

♦H. Y. Hind's Report of the Asainniboine and Sascatchevan Erptoring Expedaio».P? 1 
3»*n<l*o. uigmzea Dy ^i^wOQlC 
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its vary in their elevation with the changes in the general altitude 
of the country which they cross. In most cases, their height is 
stated for a considerable area, as one or more counties; and their 
least and greatest elevations usually refer to different portions from 
twenty to fifty miles apart, between which there is commonly a 
gradual change in height, the topography of this region, excepting 
its moraines, being remarkably uniform and smooth. 

Hastings <t Dakota Division, Chicago, Milwaukee dt St, Paul Railway. 



Copied from profiles in the office of Geoboe H. White, Engineer, Mlnneapol is. 

Distance in Height in ft. 

miles from above the 

Hastings. Sea. 

Low water in Mississippi River at Hastings 670.5 

Hastings Junction with River Division 707.5 

Olencoe 74. 1006.5 

Sumter 79.9 1035 . 

Brownton , 84.4 1024 . 

Stewart 94.1 1064 . 

Hector 102.4 1081 . 

Bird Island 111.6 1089 . 

Olivia 116.0 1082 . 

RenviUe 127.2 1064 . 

SacredHeart 134.1 1061 . 

Hawk Creek, water 139.3 963 . 

Hawk Creek, bridge 139.3 ' 1017. 

Minnesota FaUs 141.2 1041 . 

OraniteFalk 143.3 941 . 

Montivideo 156.6 - 927 . 

Chippewa River, water 156.8 913 . 

Watson 162.9 1029 . 

Depression, grade 167.0 937 . 

Mikn 171.7 995. 

Summit, grade 177.1 1035 . 

Appleton 179.8 1007 . 

Pomme de Terre River, water 180.1 ' 978 . 

CorreU 186.9 980 . 

Odessa... i 194.3 963 . 

Ortonville : 202.0 990 . 

Biff Stone Lake, water 962.5 

lake Traverse, water 970 . 

Milbank Junction 214.0 1149 . 

FootofCoteaudes Prairies 222.0 1294 . 

Summit of Coteaudes Prairies 236-236.5 1993-2003 



Winona <t St. Peter Division, Chicago dt Northwestern Railway. 



From John E. Blunt, Engineer, Winona. 

a. MAIN LINE. 



Distance in 

miles from 

Winona. 



IjOw water in Mississippi River at Winona . 

Top of rail on draw bridge 

IVmona 



Height in 

feet above 

the Sea. 

639.9 
670.5 



• . . . U4V.O y^->. J 
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Distances in 

miles from 

Winona. 

Minnesota City 5.9 

S tockton *. 11.31 

Lewiston 18.30 

Utica 22.74 

St. Charles 28.35 . 

Dover 32.19 

E vota 36 . 87 

Cnatfield Junction 37.73 

Plainview Junction 37.93 

Chester 42 . 74 

Rochester 49.26 

R. & N. M. R> Junction 50.64 

Ohnsted 54.22 

Byron 58.71 

Kasson 63.87 

Dodge Center 69.22 

Claremont 76.36 

Havana 83.90 

Owatonna 88. 17 

Meriden 96.35 

•Waseca 102.68 

JanesviUe 112.91 

Eagle Lake 122 . 56 

Mfimkato Junction 127. 99 

Mankato 131 . 00 

Kasota 133.80 

Minnesota River bridge 135.00 

Minnesota River, low and high water 135.00 

Saint Peter 136.19 

Oshawa 146. 29 

Nicollet 150.88 

Courtland .' 158.56 

Minnesota River bridge 162.50 

Minnesota River, high water 162.50 

New Dim • 165.31 

Siding 169 . 00 

Sleepy Eye 179.72 

Redwood Falls 

Springfield. . ^ 193.18 

Sanborn 201 .56 

Lamberton 208.77 

Walnut Grove 218.98 

Tracy 226.55 

Amiret : 233. 65 

MarshaU 243.85 

Grand View 250. 75 

Minneota 256.52 

Canby 274.03 

Gary 284.62 

Altamont 297.38 

Goodwin , 305.90 

Kranzburg 309.53 

Watertown 319.10 

Sioux River, water 320.00 

Lake Eampeska, water 322.00 



Height iD 
above 
the tea. 

676 ... 

753 ... 
1211 ... 
1170 ... 
1139 ... 
1138 ... 
1237 ... 
1275 ... 
1275 .., 
1122 ... 

991 ... 

999 ... 
1054 ... 
1250 ... 
1252 ... 
1288 ... 
1280 ... 
1246 ... 
1144 ... 
1149 ... 
1153 ... 
1063 ... 
1012 ... 

906 ... 

781 ... 

804 ... 

791 ... 

733-745 

812 ... 

982 ... 



^1 .. 

807 .. 

837 .. 

994 .. 
1034 .. 
1028 .. 
1025 .. 
1089 .. 
1144 .. 
1223 .. 
1403 .. 
1283 .. 
1174 .. 
1173 .. 
1179 .. 
1248 .. 
1484 .. 
1834 .. 
1996 .. 
1982 .. 
1733 .. 
1709 .. 
1714 .. 



6. BRANCH TO CHATPIELD. 



Chatfield Junction. 



37.73 

uigitized by 
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Smnmit, grade. 
Chatfield 



Distances in 

miles from 

Winona. 


Height in 
feet above 
the Sea. 


40.75 

48.87 


1295 ... 
976 ... 



C. BBANCH TO PLAINVIEW. 



Plaiiiview Junction 37.93 

Dotj- 40 . 00 

Yiola 43.00 

Whitewater Creek 47.00 

Elgin 48.17 

Plainview 52.93 



1275 
1310 
1129 
1055 
1069 
1167 



d. BRANCH TO ZUMBROTA. 



R. & N. M. Junction 50.64 999 

Douflrlass 58.35 1091 

Zumbi-o River 60.25 966 

Zumbro bridge 60.25 986 

Oronoco 61 . 72 1041 

Zombro River 65.20 984 

Zumbro bridge 65.20 993 

Pine Island 65.86 998 

Lena 70.66 1073 

Forest MiUs 73. 14 102^3 

Zumbrota. ...» 74.*56 971 



e. DAKOTA CENTRAL RAILWAY. 



Tracy 226.55 1403 .. 

Balaton 239.55 1528 .. 

Redwood River 246.60 • 1592 . . 

Redwood bridge 246.60 16J31 . , 

Tyler 253.70 1750 .. 

Lake Benton 261.50 1759 . . 

Verdi 267.6 1771 . . 

Elkton 274.3 1851 .. 

Aurora 285.1 1680 .. 

Summit, grade 288.9 1683 . . 

Brookings 290.8 1636.. 

Sioux River 2%.4 1596 . . 

Sioux bridge 296.4 1607 . . 

Volga 297.4 1636 •. 

Nordland 308.3 1846 .. 

LakePreston 317.3 1696 .. 

DeSmet 329.6 1726 .. 

Summit, grade 331.4 1767 . . 

Fairview 338.3 1542 .. 

Iroquis 344.8 1401 .. 

Cavour 354.0 1311 .. 

James River. 361.8 1228 . . 

Jamesbridge 361.8 1270 .. 

Huron 362.9 1285 .. 

Huron Junction 366.9 1312 . . 

Pierre 482.0 1438 .. 

Missouri river 482.0 1424 .. 

uigitized by 



Google 
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Southern Minnesota Division; Chicago, Milwaukee dt St. Paul Railway, 



From Gborob B. Wood worth ^ Assistant Engineer, La Crosse. 



a. MAIN LINE. 



Low water in Mississippi River at La Crosse 

Junction with River Division, west of bridge 

La Creseent 

C. C. D. & M. Junction 

Ro^ River bridge 

Hokah 

Root River bridge 

Mound Prairie 

Root River bridge 

Houston 

Root River bridge 

Money Creek 

Rusbford 

Peterson 

Wbalan 

Root River bridge 

Root River bridge 

Lanesboro 

Root River bridge 

Isinour's 

Fountain y 

Depression, graoe 

Summit, grade 

Wykoff 

Summit, grade 

Spring Vwley 

Summit, graide 

Grand Meadow 

Depression; grade 

Dexter 

Brownsdale 

Cedar river, water 

Ramsey^ crossinff Minnesota Div. of C. M. & St. P. Ry. 

Depression, grade 

Oakland 

Summit^ grade 

Depression, grade 

Hayward 

Summit; grade 

Depression, grade 

Albert Lea 

B., C, R. & N. crossing 

Summit, grade 

Armstrong 

Summit, grade 

Alden 

Dood's Switch 

WeUs 

Junction of Mankato branch. . . ^ 

Easton 

Summit, grade 

Delevan 

Depression, grade 

Crossing branch of St. P. & S. C. R. R. Co 

Winnebago City u\. 



Distances in 


Height iQ 
feet above 


miles from 


Lacrosse. 


tbeSea. 




626.3 





653 .... 


0.7 


647 .... 


3.0 


641 .... 


4.2 


648 .... 


6.2 


649 .... 


11.0 


663 .... 


12.2 


660 .... 


14.0 


669 .... 


18.7 


679 .... 


22.3 


703 .... 


23.2 


699 .... 


29.9 


722 .... 


84.5 


756 .... 


43.4 


786 .... 


46.0 


801 .... 


47.5 


824 .... 


48.0 


841 .... 


51.7 


873 .... 


53.6 


899 .... 


59.3 


1302 .... 


60.6 


1259 .... 


64.7 


1330 .... 


66,5 


1310 .... 


68.5 


1367 .... 


73.6 


1266 .... 


80.1 


1358 .... 


83.0 


1338 .... 


85.2 


1317 .... 


89.8 


1412 .... 


98.0 


1271 .... 


102.9 


1192 .... 


103.1 


1214 .... 


107.7 


1197 .... 


109.9 


1265 .... 


113.8 


1270 ...• 


117.6 


1241 


118.0 


1248 .... 


121.5 


1263 .... 


124.2 


1206 .... 


124.6 


1221 .... 


124.7 


1220 .... 


128.9 


1323 .... 


129.8 


1270 .... 


133.5 


1317 .... 


135.2 


1261 .... 


139.7 


1189 .... 


144.4 


1153 .... 


144.7 


1145 .... 


153.3 


1046 .... 


157.1 


1077 .... 


159.2 


1067 .... 


159.5 


1047 .... 


166.1 


1096 .^.^T^ 
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I 

Distances in Height in 

miles from feet above 

La Crosse. the sea. 

Blue Earth river, water 168.4 1014 .... 

Fairmont 183 1176 .... 

Sherburne 197.5 1273 .... 

Top of bluff at junction of branch to Jackson depot 209 . 1 1446 

Des Moines river, water 211.8 1288 

Des Moines river bridge 211.8 1853 .... 

Summit, grade 216.6 1517 .... 

Lakefield 220.6 1463 .... 

Okabena 229.1 1410 .... 

Crossing St. P. & S. C. R. R 232.2 1414 .... 

De Forest 239.5 1446 .... 

Pulda 246.1 1508 .... 

lona 255.6 1608 .... 

Summit, grade 259.4 1705 .... 

Entering Chanarambie valley, grade ;. 264.0 1634 .... 

Chanarambie creek, water at last crossing 274.5 1521 .... 

Edgerton 276.0 1550 .... 

Rock river 279.0 1552 .... 

Hataeld 283.0 1662 .... 

Highest point on road 285.5 1744 

Pipestone dty 289.0 1698 .... 

Pipestone creek, water 293.0 1577 

Airlie 295.5 1629 .... 

Flandreau 303.6 1550 .... 

Big Sioux river, water 306.1 1495 .... 

Egan 308.0 1510 

Sioux Falls Junction 309.9 * 1496 

Summit, grade 315.0 1695 

Summit, grade 328.5 1705 .... 

Sunmiit, grade 330.8 1691 .... 

Madison Lake, 2 mi. S. of last : 1576 .... 

New Madison 332.6 1646 .... 

Herman 335.0 1654 .... 

Lake Herman 1646 

Summit of hills, approximately 342.0 1825 .... 

Topof bluff •. 342.2 1782 .... 

East Vermilion River, water 344.1 1607 

Topofbluff 345.5 1694 .... 

Topofbluff 352.3 1583 .... 

West Vermilion River, water 354.0 1518 .... 

Topofbluff 360.6 1404 .... 

Rock Creek, water 360.9 1367 .... 

Topof bank 361.5 1392 .... 

Little Jim Flats 370.6 1293 .... 

Top of bluff 381.3 1266 ... . 

James River, water 383.0 1195 . . . 

Prairie west of James River 388.0 1260 

6. BKAKCH TO MANKATO. 

Junction near Wells 144.7 1145 

Minnesota Lake 153.0 1038 .... 

Mapleton 161.4 1031 .... 

Maple River, water ^ . . . . 168.5 935 ... . 

Good Thunder 169.3 974 .... 

Rapidan 175.6 979 .... 

Le Sueur River, water 177.9 * 772 

Le Sueur River, bridge 177.9 825 . . .f^r\r\r^]t> 

Crossing St. P. & S. C. R. R 181.3 uigi79@d by.Vj^^g^^ 
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Distances in Height in 

miles from feet alH>Te 

La Crosse. the sea. 

Mankato 182.5 770 .... 

Minnesota River, water 748 

C. RRAKCH TO SIOUX FALLS. 

Sioux Falls Junction 309.9 1496 .... 

Big Sioux River, water, second crossing 310. 7 1479 .... 

Big Sioux River, water, third crossing 315.8 1461 

dSi Rapids 322.7 1467 .... 

Big Sioux River, water, fourth crossing 323.0 1452 

Top of hill above Sioux Falls 340.5 1404.... 

SiouxFaUs 341.6 1375 .... 

Big Sioux River, water 341.7 1355 .... 



Iowa dt Dakota Division, Chicago^ Milwaukee dt St. Paul Railway. 

Copied from profiles in the office of Georob H. White, Engineer, Minneapolis. 

Distances in Height fn 

miles from feet above 

N. McGregor, tne Sea. 

Low and high water in Mississippi River at McGregor 615.9-634 

North McGregor 633 ... . 

Monona 14.07 1221 .... 

Luana.... 17.90 1132 .... 

PostviUe 24.49 1207 .... 

Castalia 30.64 1257 .... 

Ossian 35.70 1281 .... 

Calmar 42.04 1269 .... 

Summit, grade 42.90 1300 .... 

Conover 45.26 1247 .... 

Cresco 60.80 1312 .... 

Lime Springs 71.78 1258 .... 

Chester 76.41 1244 ... . 

Le Roy 84.25 1298 .... 

Decorah / 53 . 90 900 ... . 

Turkey River, water 47.39 1002 .... 

Fort Atkinson 47.73 1028 .... 

New Hampton 69.06 1166 .... 

Middle Wapsipinicon River, water 72.84 1061 

Chickasaw 76.66 1148 .... 

Crossing C. V. R. R 88.15 1020 .... 

CharlesCity 88.53 1012 .... 

Cedar River, water 89.65 995 ... . 

ShellRock River, water 106.45 1038 .... 

Shell Rock River, bridge 106.45 1053 .... 

Lime Creek, water 112.55 1052 .... 

Lime Creek, bridge 112.55 1071 .... 

Mason City, depot and crossing, R. R 115.90 1130 .... 

Clear Lake, depot 125.67 1237 .... 

Summit, grade 131.56 1272 .... 

Gamer 135.20 1227 .... 

East Fork of Iowa River, water 137.91 1200 .... 

Crossing, M. & St. L. Ry 146. 19 1210 .... 

Britt 147.19 1232 .... 

Summit, grade 155.09 1269 .... 

Wesley 156.87 1254 .... 

Near Algona (Oof line west) 168.19 1191 'r\n\o 

uigitizea Dy ^^av^wV LC 
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Iowa Division, Illinois Central Railroad, 

From Gannbtt's List of Elevations, fourth edition. 

Heights In 

feet above 

the Sea. 

Fairfield Junction 1131 

Manchester 933 

Winthrop 1080 

Indepenaence 924 

Waterloo, Cedar River 864 

Acklejr 1141 

Summit between Cedar and Iowa rivers 1221 

Iowa Falls, Iowa River 1071 

Alden 1165 

Summit between Iowa River and its South Fork 1204 

South Fork of Iowa River 1159 

Blainsburg 1 230 

Summit between Iowa and Boone Rivers 1260 

Webster City 1 039 

Dunoomb *. 1111 

Summit between Boone and Des Moines rivers 1171 

Fort Dodge 1001 

Summit between Des Moines and Raccoon rivers 1330 

Raccoon River 1279 

Summit between Raccoon and Little Sioux rivers 1519 

Cherokee, Little Sioux River 1176 

Summit between Little Sioux and Floyd rivers 1488 

Floyd River.. 1166 

Chicago dt Northwestern Railway, in Iowa, 

From Gannbtt's List of Elevations. 

Marshalltown 905 

State Center 1093 

Nevada 1024 

Ames 943 

Boone 1162 

Moingona, bridge over Des Moines River 914 

Moingona, low water of Des Moines River 877 

(%den \ 1116 

Beaver 1048 

Grand Junction 1062 

Jefferson 1078 

Raccoon River 1004 

Glidden 12:38 

Carroll 1247 

Arcadia, on divide between the Mississippi and Missouri rivers 1446 

Divide, natural ground .* 1468 

Denison 1199 

Council Bluflfe 1007 

Minneapolis dt St. Louis Railway, 

From BOBBBT Anqst, Assistant EnRlneer, Minneapolis. 

Distance in Height in 
miles from feet above 
Minneapolis, the Sea. 

Minneapolis 0. 825 ...^^-^ t 

Hopkins 8.7 ullfeobyLiOOgle 
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Distances in Height in 

V miles from feet above 
Minneapolis, the sea. 

Eden Prairie 15.2 882 . . 

Summit, gr&de 18.7 875 . . 

Chaaka 22.7 725 .. 

Carver 24.7 719 .. 

Low water in Minnesota River 24.7 689 . . 

Merriam Junction, St. P. & S. City R. R 27.2 755J .. 

Jordan 82.3 753 .. 

Helena S6.3 886 .. 

NewPragrue 42.6 978 .. 

Montgomery 50.0 1068 .. 

Mulford's Siding 54.6 1060 .. 

Kilkenny 58.6 1056 . . 

Waterville 65.4 1008 .. 

Iosco 69.7 1146 .. 

Waseca 76.2 1151 .. 

NewRichland .' 88.7 1178 .. 

Hartland 94.9 1247 .. 

Manchester •. 100.9 1258 . . 

Albert Lea 108.0 1224 . . 

Twin Lakes 115.0 1255 . . 

Norman 121.4 1279 . . 

Lake Mills 127.2 1264 .. 

Benson'sGrove 136.0 1216 .. 

ForestCitv 141.7 1220 .. 

Crossing C., M. & St. P. Ry 155.5 1207 .. 

Britt 156.3 1230 .. 

Corinth 167.0 1180 .. 

Livermore 181.6 1135.. 

Humboldt 192.0 1089 .. 

Fort Dodge, upper depot '. 210.0 1120 . . 



St. Paul dt Sioux City Division, Chicago, St. P., Minneapolis dt Omaha R^y* 

Copied from profiles in the office of T. P. Gxbb, Superintendent, and H. S. Trbhsbstb, 
Assistant Engineer, St. Paul. 

a. MAIN LINE. 

Distance in Height in 

miles from feet above 

St Paul. the Sea. 

Saint Paul 0. 698.4 

Mendota • 5.5 718 .:.. 

Nicols 9.9 706 .... 

Hamilton .* 17.7 714 .... 

Eagle Creek, bridge 19.7 708 .... 

Bloomington 21.2 738 .... 

Shakopee 26.8 . 741 .... 

Summit, grade 32.6 764 .... 

Brentwood 38.0 * 749.... 

Summit, grade 40.0 768 .... 

BellePlaine 45.6 725 .... 

High water in Minnesota River here 45.6 718 

Blakeley 49.9 728 .... 

East Henderson 56.8 734 .... 

LeSueur 61.5 753 .... 

High water in Minnesota River here 61.5 735.... 

Ottawa 67.6 790 .... 

East Saint Peter 73.4 • 748 



Kasota Junction u 



73.4 . 74» --'1^ 

iPd^aDyv^OOrOgle 
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Distances in Height in 

miles from feet above 

St. Paul. the sea. 

Summit, grade 77.8 887 . . 

Mankato 84.0 791 . . 

Blue Earth River, low and high water 86.2 756-774 

Blue Earth River, bridge 86.2 795 . 

SouthBend 87.6 808 . 

Minneopa bridge, 68 feet above water 89.2 863 . 

Minneopa 89.4 871 . 

Summit Grade 95.6 992 . 

Lake Crystal 97.3 994 . 

Snmmit, grade 102.2 1009 . 

Iceland 104.1 998 . 

Medalia 109.0 1021 . 

Watonwan River, water 110.5 979 . 

Lincoln 116.4 1042 . 

Saint James 121.6 1078 . 

Butterfield 130.1 1184 . 

Mountain Lake 137.0 1300 . 

Bingham Lake 143.2 1420 . 

Summit, grade 144.1 1437 . 

Windom 147.8 1358 . 

Des Moines River, water 148.1 1331 . 

BluffSiding i 149.7 1425 . 

Wilder 154.0 1448 . 

Heron Lake, water 159.0-159.5 1403 . 

Heron Lake, depot 160.3 1417 . 

Hersey (Brewster) : 170.0 1485 . 

Elk Creek, water 171.5 1473 . 

Summit, grade. . . 178.2 1588 . 

Worthington 178.4 1582 . 

East Okai3ena Lake, water 178.5 1569 . 

.Junction of Sioux Falls Branch 181 .8 1638 . 

Summit, grade 182.3 1654 . 

Summit, grade 184.6 1656 . 

Bigelow 187.8 1631 . 

Stateline 188.3 1643 . 

Summit, grade, 1647; surface 188.9 1653 . 

Sibley 195.9 1509 . 

St.Gilman 202.4 1442 . 

Sheldon 212.1 1406 . 

Hospers 220.1 1338 . 

EastOrange 228.5 1302 . 

Seney 239.7 1221 . 

Le Mars 244.2 1221 . 

Floyd Eiver, here 244.2 1197 . 

SiouxCity 270.0 1122 . 



WOODSTOCK BRANCH. 



Heron Lake, junction 160.3 

Dundee 168.4 

A voca 1 80 . 1 

Two summits, grade 201.1-201.9 

Murray and Pipestone county Une, grade 202.5 

Woodstock 204.3 

Rock River, water 208.3 

Summit 211.5 

Pipestone City : 215.4 

Big Sioux River at Flandreau 230.8 

Prairie, 4 miles further west 235.0 



1417 .... 
1443 .... 
i5as .... 

1850-1849 
1839 .... 
1822 .... 
1645 .... 
1785 .... 
17ir. .... 

1501 ..(Tooalp 
1662 by.V'^^^^^ 
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C. SIOUX FALLS BRANCH. 

Distances in Height in 

miles from feet abore 

St Paul. the sea. 

Junction 181.8 1633 

Summit, grade 184.5 1691 

Little Rock River, water 187.4 1629 .... 

Little Rock River, bridge 187.4 1649 .... 

Rushmore 190.1 1665 

Adrian 196.9 1538 .... 

Kanaranza Creek, water 198.0 1499 

Kanaranza Creek, bridge 198.0 1511 

Summit,grade 199.5 1569 .... 

Drake 203.7 1516 .... 

Elk Slough, grade.: 206.2 1469 .... 

Summit, grade 207. 1 1515 

Rock River, water 210.3 1423 .... 

Luveme 211.1 1451 .... 

Summit, grade 216.1 1543 . . . 

Beaver Creek, depot 219.3 1443 .... 

Beaver Creek, water 219.8 1385 .... 

Stateline 224.4 1883 .... 

Valley Springs 225.2 1392 .... 

Big Sioux River, low and high water 232.4 1281-1302 

Big Sioux River, bridge 232.4 1307 . . . 

Terrace, south of river 234.4 1363 

SiouxFaUs 240.2 1394 .... 

Big Sioux River, low and high water 240.4 13Sl-13-"'» 

Sunmiit, grade 241.6 1471 

Big Sioux River, water 243.4 1403 

Skunk Creek, water, Sec. 31, T. 102, R. 50 250.0 1449 .... 

Skunk Creek, bridge 250.0 1465 

Hartford Siding, Sec. 22, T. 102, R. 51 254.4 1561 .... 

Summit, grade. Sec. 9, T. 102. R. 52 261 .2 1692 

East Vermilion River, water. Sec. 27, T. 103, R. 53. . . 268.0 1455 

East Vermilion River, bridge 268.0 1469 

Montrose Sidinjp, dose west of last 268.3 1471 

West branch of E. Vermilian River, water, at S. W. 

comer of Sec. 15, T. 103, R. 53 269.5 1468 .... 

Bridge here 269.5 1480 

Summit, grade 275.9 15j<6 

Salem, Sec. 13. T. 103, R. 55 279.5 1517 .... 

West Vermilion River, watar. Sec. 15, T. 103, R. 55. . 281 .0 1457 

WolfCreek, water. Sec. 20, T. 104, R. 56 290.6 1370 .... 

Fawn Lake, water, T. 105, R. 58 303.5 1320 .... 

Stony Creek, water, Sec. 25, T. 106, R. 60.... ••••... 313.0 1253 .... 

James River, water. Sec. 12, T, 106. R. 61 320.2 1212 

Prairie, 5 miles west of last 325.0 1276 



d. PROM LVVBRKB TO DOON. 



Luveme 211.1 1451 ... . 

Ash Creek depot 218.7 1396 .... 

Stateline. 221.6 1374 .... 

RockRapids , 226.5 1344 .... 

Rock River, low and high water 231.0 1296-1311 

Doon 238.9 1282 .... 

Rock River at S. line of Lyon county, Iowa, low and 

high water 240.2 1248-1266 
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Elevation of the Terminal and Medial Moraines in Minnesota^ lowa^ and 

Dakota. 

a, FBOH BBCKSB SOUTH TO FREEBORN COUNTY. 

Height in 
feet above 

At White Earth Agency 1600 .... 

East of Detroit 1450-1500 

East of Lake Lida 1425 .... 

East of Fergus Falls 1800 .... 

Leaf hiUs 1400-1750 

A t Glenwood 1250-1800 

Bl ue Mounds 1250-1:^ 

In Meeker and Wright counties 1225-1000 

In Hennepin and Scott counties 950-1050 

In Le Sueur and Rice counties 1050-1150 

In Waseca county 1100-1200 

In Steele county 1150-1850 

In Freeborn coun^, eastern Moraine 1275-L300 

Western or inner Moraine in this county 1300-1375 

Kiester hills, Faribault county 1300-1400 

Medial Moraine, northwest to Delevan 1300-1100 



b, IN IOWA. 

In Worth and Winnebago counties 1250-1350 

Pilot Mound, Hancock county, about ; 1425 

Medial Moraine, northwest to Fairmont, Minn .^ 1325-1225 

Medial Moraine, west to Lake George 1250-1300 

In Wriffht and Franklin counties 1850-1200 

In Hardin and Hamilton counties 1250-1150 

Mineral ridge, in northern Boone county, about 1200 

In Guthrie and CarroU counties 1200-1325 

In Sac and Buena Vista counties 1275-1500 

In Palo Alto, Clay, Emmett and Dickinson counties 1300-1600 

Spirit Lake, about 1400; hills west of do 1475-1525 

In northeastern Osceola county 1550-1675 



C, THE COTEAU DE8 PRAIRIES. 
1. TheSkutdrnorlnneTMcra^aM-, 

In Jackson county 1450-1475 

Blue Mounds, Cottonwood county 1450-1525 

In Murray and Lyon counties 1500-1600 

In Lincoln and Yellow Medicine counties, and onward in Dakota. . 1500-1650 

Antelope Hills range 1250-1300 

2. The Western or Outer Moraine. 

In Nobles county *. 1650-1750 

In Murray coun^ 1750-1900 

In northeastern ripestone county 1850-1900 

In southwestern Lmcoln county 1900 1960 

In Dakota, from the west line of Lincoln county to the head of the 

Coteaudes Prairie. Wzmy^^BOOglC 
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d, MEDIAL MOBAIKE. 

Height in 

feet above 

the sea. 

Northward to Devil's Lake and Turtle Mountain, mostly 1400-1600 

Pevil's Lake (Nicollet) 1476 .... 

Mini-wakan-chante, hill, south of do. (Nicollet) 1 766 

Turtle Mountain (Dawson's map) 2150 

Turtle Mountain (U. S. By. Com. profile) 2000-2634 



€. TERMINAL MORAINE FROM THE HEAD OP THE COTEAU DE8 PRAIRIES TO 
THE COTEAU DU MISSOURI. 

In Codington, Hamlin, Brookings and Lake counties 18(X)-190!0 



/. THE COTEAU DU MISSOURI. 

Through central Dakota 1800-2200 

At the north line of the United States 2000-2200 
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X. 

CHEMISTRY. 



AKALTSIS BT PBOF. DODGE. 



Minneapolis, Dec. 14, 1880. 
Prof. Wikchbll — 

Dear Sir: — I hand you, at length, results of analysis of the 
substance * you left with me at the chemical laboratory about two 
months since-^^the lime-clay material stated to have character of a 
cement. 

Hoping tnat the results I communicate may not come too late 
to be of any service, I remain. 

Very truly yours, 

James A. Dodge. 



Mineral powdered, dried at 100 ®c., digested with dil. HcL: — 

Dissolved by Hcl 56.1p. 

Residue 46.9 



100.0 
Analysis of portion dissolved by Hcl.: — 

C O2 41.06p 21.8p. of entire mineral. 

SiOa 0.98 0.52 



AI2 O3 ...... . traces 

FegOs 6.78 3.6 

CaO 49.53 26.3 

MgO 1.51 0.8 

K2 traces 

Na2 traces 



99.86p 53.02p 

« This substance is a clay from the Bed river ralley, near Grand Forks, Dakota. 

uigitizea by 
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Analysis of portion undissolved by HcL: Boiled with solution of 
carb. of soda, gave only slight traces of Si O2. Fused with 
carb. soda-potass., gave: 

Si O2 61.69p 28.93p. of entire mineral 

AI2 O3 29.93 14.04 

FegOa ».»» 1.91 

Ca traces 

MgO 0.98 0.46 

K2 traces 

Na2 traces 



98.59p 46.24p 
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XL 
ORNITHOLOGY. 



(report of dr. p. l. hatch.) 



Prof. N. H. Wikohbll — 

Sir: — The present year has made no signal additions to the 
number of species of birds found to belong in the State. Explora- 
tions hare been made over considerable sections hitherto unno- 
ticed, and more critically over those somewhat familiar to me in 
the past, which have been rewarded by much desirable information, 
but without any discoveries of new forms, except in finding some 
accidental stragglers from well-known habitats, as in the case of 
the cinnamon teal, Querquedula cyanoptera (Viriell)^ Cassin, 
found at Bigstone lake, on the western border of the State. It is 
highly probable that very little remains to be done in the work of 
identification. There can be no doubt that occasionally a species 
will yet be added from those known to visit the same latitudes in 
contiguous territories, or even from more remote localities. Sev- 
eral such have recently been added to the lists of such old states 
as Maine, Massachusetts and Ohio. Indeed several that are new 
to science have recently been collected and described by competent 
and reliable omothologists, resident in those states, which multi- 
plies the probabilities that such will be the case here, yet this does 
not aflFect the conclusion that the list for Minnesota is about full. 
Entertaining this view, while employing the utmost vigilance to 
let none escape my notice, I have devoted my attention princi- 
pally to the local habits, relative numbers and migrations of those 

■already idesttiJOlM. I desire in this way to make the history of the > t 

a uigitizea Dy ^^^OOQlC 



360 ANKUAI BBPORT. 

birds of Minnesota, when completed, of the most value to the ends 
for which this subdivision of the State natural history survey was 
instituted. I find it no small undertaking to ascertain the average 
distribution of species on so wide a domain, considerable of which 
is'remote and some of which is extremely difficult to explore after 
access has been attained. 

I understand better than I did once, why so few competent nat- 
uralists have undertaken the life-histories of birds in the interest 
of agriculture. To follow a single species from the time of its ar- 
rival until its departure, and record its habits of migration, feed- 
ing through all the months, nesting, rearing and protecting its 
young, seems to be task enough for the spare h^urs of any one in- 
dividual, but what of it when instead of one we have nearly three 
hundred. While, however, I am doing this with the assistance of 
all reliable aid which I can enlist, there is an increasing demand 
for a correct list north for the use of collectors and for scientific 
purposes in the other states and foreign countries, which I have 
now completed and herewith place in your hands for publication, 
if it shall meet your approval. 

Yours very respectfully, 

P. L. Hatch. 
Minneapolis, October 21, 1880. 
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A List of the Birds of Minnesota, 



BT DR. P. L. HATCH, OP MIKKEAPOLIS. 



This list was in the hands of the printer long since, when a disastrous confla- 
gration destroyed it, and it has been impossible to give its re- writing the meas- 
ure of carefnlness which the first manuscript received. If errors shall have 
crept in I believe they will be found to be unimportant. Although unfortunate- 
ly delayed by the circumstance mentioned, I have fulfilled my purpose and my 
promise to the many who have been calling on me for it so long and so compli" 
mentarily. 

1. Tardus xnifirratoriue— Robin— common over the State. 

2. T. muetelinus— Wood Thrush — common for the species. 

3. T. paUasii — Hermit Thrush — proportionately represented. 

4. T. swainsoni — Swainson's Thrush — common, and the variety Aliciee 

said to have been obtained. 

5. T. ftisoesoens— Wilson's Thrush — not as frequently seen, perhaps. 

as the last. 

6. Mixnus oarolinessis — Catbird — exceedingly common. 

7. Hfiurporhynchus ruftis— Brownthreshr— very common. 

8. Slalla sialis — Bluebird — not less common than last. 

9. Sialia mexicana— Western Bluebird — only one seen— Red River. 

10. Begrulus oalendulus— Ruby-crowned Kinglet— common in mi- 

gration associated with Satrapa. 

11. Besrulus satrapa— less frequently seen in migration. 

12. Polloptila coarulea— Blue-gray Gnat Catcher— very rare. 

13. liOphophanes bioolor- Tufted Titmouse- exceedingly rare. 

14. Pcurus atrioapillus— Black-capped Titmouse, or '* Chickadees- 

common and a permanent resident. 

15. Parus atricapillus, var. septentrionalis — rare, but seen several 

times. 

16. Sitta oarolinensis— White-billedNuthatch — c 
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17. Sitta ocuiadensis— Red-billed Nuthatch — ^less common resident. 

18. Oerthia familiaris— Brown Crbbpbb— common. 

19. Thryotorus bewiokli — Bewick's When — common in summer. 

20. Trogrlodites SBdon— House Wren— common. 

20}4, T. 8Bdon, var. parkmani— House Wren— common 

21. Anorthura trofflod3rteB, var. Hyemalls— Winter Wren — also 

common. 

22. Telmatodytes palustiis— Long-billld Marsh Wren — common 

23. Oistothorus stellaris —Short-billed Marsh Wren— also common. 

24. Erexnophila alpestrls— Shorblark — very common. 

25. Anthus ludovioianus— Titlark — not uncomnion in migration and 

sometimes abundant. 

26. Neooorys spraffuei— Missouri Skylark— very rare. 

27. Mnlotilta varia— Black and White Creeper— Rather a common 

warbler — breeds here. 

28. Parula ameriocuia— Blue Yellow Backed Warbler— not com- 

mon. 

29. Helminthophaffa plnus— Blue-winobd Yblix)w Warbler— about 

like the last species in frequency. 

30. H. ohrysoptera— Blue Golden Winged Warbler- not abundant. 

Breeds here however. 

31. H, Rufloapilla— Nashville Warbler— common and breeds herein 

many observed localities. 

32. H. oelata — Orange-crowned WARBLEr — common, and breeds here 

also. 

33. H. perefirrina-— Another warbler seen abundantly during migration — 

a few nests have been seen. 

34. Dendroeoa aestiva . -Blue- eyed Yelix) w WARBLER-the most com- 
mon of the Warblers during summer, and breeds here in great abund- 
ance. 

35. D. virens— Black-throated Orbbn Warbler — a much less numer- 

ous specie; breeds here. 

36. D. ooerulesoens— Black-throated Blue Warblbr— often seen in 

migration— I am not aware of any nests having been taken, but think 
it breeds in the State. 

37. D. ooerulea — Ccerulean Warbler— Occasionally seen in spring — 

Little known of its local habits. 

38. D. ooronata— Yellow-Rumped Warbler— The earliest and by hi 

most numerous of all the warblers during migration, and breeds to t 
some extent in the vicinity of Lake Superior, uigitizea Dy ^^av^OQlC 
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39. D. striata— Black-Poll Warbler— Very common from the 10th to 

the 20th of May— Breeds here. 

40. D. oastanea — B a y-brestbd Warbler — Often observed in migration — 

Little more known of it. 

4L D. blaokbumiaB — Blackburnian Warbler— Rather a common mi- 
grant and breeds here. 

42. D. pennsylvanioa — Chestnut-sided Warbler — Quite common — 

Nests have frequently been obtained. 

43. D. maculosa— Black and Yellow Warbler— Not uncommon — I 

have seen no nests, but have no doubt as to its breeding here. 

44. D. tifirrina — Cape May Warbler — Very common in migration. 

45. D. palxnaruxn — Yellow Red-poll Warbler — Not very infrequent 

in a short period of its migration— No nests seen as yet. 

46. D. pinus — Pine Creeping Warbler — Seen only in migration except 

in a single mstance in Grants county by T. S. Roberts in the early part 
of June. 

47. Seiurus aurooapillus — Golden-crowned Thrush — common dur- 

ing migration, and nests are occasionally observed. 

48. S. noveboraoensis — Water Thrush — not very common but also 

breeds here. 

49. Oporomis aarillB— Connecticut Warbler— rare. 

50. Geothl3rpis trioha«— Maryland Yellow-throat— -very common- 

breeds here abundantly. 

51. G. Philadelphia — Mourning Warbler — seen rather infrequently— I 

think one nest has been obtained bv Mr. T. S. Roberts. Mr. Trippe, 
quoted by Dr. Cones, found it very common and breeding here abund- 
antty , but twenty-two years residence has afforded me less favorable re- 
sults. I have not looked for it, however, in the localities he mentioned. 

52. loteria vlridie — Yellow- breasted Chat — Very rare as yet — Only 

seen on the western borders of the State and in Dakota along the 
Missouri. 

53. Msriodioctes pusilluB— Green Black-capped Fly-catcher— Not 

very abundant but breeds here. 

54. M. ocuiadensis— About like the last species, and the nests are said to 

have been seen. 

55. Setophasra rutioiUa— Redstart — Common, and breeds here in well- 

observed localities. 

56. Pyranffa rubra — Scarlet Tanager — Every year becommg more 

common — Nests often taken. 

57. Hirundo Horreorum— Barn Swali^w— Abundant in some sections, 

but not universally so. ^->> j 

58. Taohyoineta bioolor— White-bellied Swallow— AbundanK®^ ^^ VjOOg IC 
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59. T. thalaaaina — Violbt-obbbn Swallow — Not so well represented as 

the last. 

60. Petroohelidon Itmifrous— Eate Swallow— Common. 

61. Ck>t7le rlpeuia— Bank Swallow— Also very common. 

62. SteUridopteryx serripexmis— Roirou-wiNGED Swalix>w— not com- 

mon. 

63. Proffne purpurea— Purple Martin- abundant. 

64. Ampelis ffarrulus— Bohemian Wax-wing — ^This winter visitants 

numbers vary so much from year to year as to forbid any approximate- 
ly definite description — sometimes common. 

65. A. oedroruzn — Cedar Bird — common, and breeds in various sec- 

tion. 

66. Vireo olivaoeus— Red-bted Vireo — common. 

67. V. philadelphlcus— Brotherly-love Bird — quite a number have 

been identified, but I do not think it a common specie. 

68. V. gilvua— Warbling Vireo — delightfully common. 

69. V. flavifirons — YELiiOw-THROATED Vireo — not at all common, but 

breeds here. 

70. V, solltarius — Solitary Vireo — common in migration. Breeds in 

northern sections of the State. 

71 . V. noveboraoensis — White-eyed Vireo — rare as far as yet observed 

— at least not common. 

72. V. bellli— BELii's Vireo — not a common specie. 

73. Ck)llurlo boreallfl—GREAT Northern Shrike- Is fairly common but 

far less so than the next species. 

74. O. exoubitoroides— White-rumped Shrike — Which is exceedingly 

common. 

75. Hesperiphonavespertina— Evening GROSBEAK-Like the Chatterer 

or Bohemian wax winf?. The representation of these winter visitors 
is exceedingly variable, yet never as great as in that species. 

76. Pinioola enunoleator — -Pine Grosbeak — Much the same as the 

Evening Grosbeak. 

77. Oarpodaous purpureus— Purple Finch— Common occasionally in 

fall migration. 

78. OurviroBtra amerioana— Red Cross-bili.— Not exactly common- 

Breeds m north part of the State. 

79. O. leuooptera— White- WINGED CRoss-niLii— Rather rare. 

80. Aeffiothus linarius— Red-poll Linnet— Common in winter. 

81. Ohrlsomitris pinus— Pine Linnet— Not rare, uigitizea by GoOQIc 
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82. O. trlstls — American Goldfinch — very common and breeds exten- 

sively. 

83. Pleotrophanee nivalis— Snow Bunting — a very abundant species in 

winter. 

84. P. lapponicus— -Lapland LoNospuR—not as constant during the win- 

ter but very numerous in l>oth nugrations. 

85. P. omatus — Chestnut colored Bunting — common along the Red 

River, where it breeds. 

86. P. piotus — Painted Lark Bunting — ^not much observed, but identi- 

fied. 

87. Oentronyx balrdll— B aird's Sp ARROw-common along the Red River 

where it breeds. 

88. Paaseroulus savanna— Savanna Sparrow— common, breeding here 

abundantly. 

89. PooosBtesfirramineus — Bay-winged Bunting — common. 

90. Ck>tumioulus passeiinus— Yellow Winged Sparrow— less com- 

mon than the last. 

91. O. leoonti— Lecontb's Sparrow — well identified. 

92. Melospiza linoolni— Lincoln's Sparrow— about the same as Leoon- 

ti— either or both are doubtless not mfrequent in some locaUties. 

93. M. palustris— Swamp Sparrow— Abundant. 

94. M. xnelodla — Song Sparrow — Very common. 

95. Junoo Tryemalis— Snow Bird— Abundant— Breeds here. 

96. L oregonus — Oregon Snowbird — A few stragglers. 

97. Splzella xnontloola«— Tree Sparrow — Common. 

98. S. sodalis— Chipping Sparrow — Very common. 

99. S. pusillfii— Field Sparrow— Also common. 

100. S. pallida— Clay Colored Sparrow— Not rare, yet not what may be 

called common — It breeds along the Red river. 

101. ZonotriohlaJ.albioollis — White-throated Sparrow — Common — 

Breeds here, especially northward. 

102. Z. leuoophrys— White-crowned Sparrow— Also breeds here, but is 

common along the Red river. 

103. Z. quenila— Harris' Sparrow— Not uncommon. 

104. Ohondestes flrrammaca^LARK Finch— Common. 

105. Passer domesti (ourse) oue— English Sparrow— More numerous 

than welcome. 

106. Passerella iliaoa— Fox-colored Sparrow— Not uncom^fptzea by vjOOQIC 
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107. Oalxnospiza bioolor — Lark Bunting— Common in the northwestem 

part of the State. 

108. Buspiza axnericana — Black-throated Bunting — ^Not a very con- 

stant or abundant species, but breeds here. 

109. Qoniaphea ludovidana — Rose-breabted Grosbeak — A very com- 

mon species. 

110. Oyanospiza oyanea— -Indigo Bird — Common for its species. 

111. Oardinalis virfirinianus — Cardinal Red-bird — An ocasional strag- 

gler — Has been obtained in pairs under drcum stances to justify the 
record. 

112. Pipilo enrthrophthalmus— TowHEB Bunting — An average repre- 

sentation. 

113. Dolichonyx ory55ivorus — Bobolink — Common. 

114. Molothrus peooris — Cow-bird — Very abundant. 

115. A£rel8BU8 phoenioeus — Red-winged Blackbird — An abundant 

species. 

1 16. Xanthooephalus ioterooephalus — Yellow-headed Blackbird — 

Numerous in restricted localities. 

117. Stumella mafima.— Meadow Lark— Common. 

118. S. Neffleota. — Common along the Red River and occasional in other^seo- 

tions. 

119. Icterus spurliia— Orchard Oriole— A rather common and constant- 

ly observed species. 

120. I. baltimore.— Baltimore Oriole— Very common. 

121. Soholeoophagrus femifirliieus.— Rusty Blackbird— Seen only in 

migration. 

122. S. oyajiocephalus. — Brewer's Blackbird — Breeds in considerable 

numbers on the Red River. 

153. Qulsoalus purpureiia— Crow Blackbird — Abundant. 

124. Oorvus axnerioanizs.— Crow— Not abundant, but is increasing in 

numbers. 

125. O. oeaiflrcifirufl.— Fish Crow— Seen rarely in considerable flocks in mi- 

gration. 

126. Pica xneleuioleuca, var hudsoniocL— Occasional. 

127. Oyanurus cristatus.- Blue Jay— Very common. 

128. Perisoreus oanadensia— Canada Jay— Met with frequently about 

Lake Superior. 

129. Tyrannus oarolinensia— King Bird— Common. 

130. Myiarohus orinitua— Great-crested Flycatcher — ^not common, 

but breeds here. ^ t 
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131. Sayofnis ftiCK^us — Phckbe Bird — Common. 

I'^l Oontopus borealls— Olivb-«idbd Flyc.vtchbr — Rather a common 
flycatcher — ^breeds here. 

134. O. virens— Wood^Pbwkk— CJuitelcommon. 

134. Bmpidonaxaoebdioua— SMAiiiiGRBKN-cRBsTBD Flycatcher — Com- 

mon in woodlands. 

135. B. trailii— Trail-s' Flyi atcher— Rare. 

13$. E. minimus— Least Fltctcaer— Not common. 

137. B. flavivantris— Yellow -Btij.'iD Flycatcher— Not abundant, but 
fairly represented. 

13S. Ohordeiles virarinlanus—NioHTHvwK— Common. 

139. Antrostomus vooiferus—WHipPOOR will— Common. 

140. OhcBtura pslassria— Chimney Swiff— Abundant. 

141. Tr03hllu3 oolubris— .^t:BY-THR3ATED HuMMiNo-BiRD— An avei*age 

representation. 

142. Oeryle aloyon—KiNOFisnKH— Common. 

14:3. Ck>ooyz\Jserythrophthalm\JS— Black-billed Cuckoo— Common 

144. O. ameriocuia — Yellow-billed Cuckoo — Not common. 

145. Hylatomus pileatus— Pile ATE D Woodpecker— Not an abundant 

but fairly represented species. 

146. Pious villosus — Hairy Woodpecker — Common. 

147. P. pubesoens— Downy Woodpecker — Not quite as common as the 

last. 

148. Piooidie arotious- Black-backed-Threk-toed Woodpecker — A 

rare winter species. 

149. Sphyrapious varius. — Yellow-bellied Woodpecker — Not very 

abundant. 

150. Melanerpee] erythrooephaliia Red-headed Woodpecker — 

Veryjcommon in sections. 

151. Ck>lapte8 auratiia — Golden-winged Woodpecker — Very com- 

mon. 

152. Striz fleanea var amerioana. — Barn Owl. — In a former list I 

erroneously reported thisWlas common. — It is a very rare species here 
although several have been obtained by collectors. — No nest^ as yet 



153. Rubo virgrlnianus. — Great-horned Owl. — Common. 

154. Soops asio.— Screech Owl— Not very common. 

155. Otus vulfiraris var wileonianus.— TjOng-earep Owl.— Rather a 

common species. 
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156. Braohyotus peilizstris.— Short-eared Owl.— Not rare. 

157. Symiuxn oinereuxn —Great Gray Owl — This hugt^ species in not 

very common in Minnesota. 

158. S. nebulosuxn — Barred Owl — generally found in summer when it is 

conimon. 

159. Nyotea nivea— (treat White Owl— Seen frequently in winter. 

160. Surnia ulula var hudsonia— Hawk Owl— Often collected in early 

spring. 

161. Nyotale telgmalml var riohcurdsoni — Richardson'h Owl— nei- 

ther common nor very rare. 

162. N. aoadioa— Saw- whet Owl— Frequently seen in the forests. 

163. Oirous oyaneus var hudsonius— Marsh Hawk— The commonest 

of its eastern family. 

164. Nauolerus fiiroatus — Swallow-tailed Hawk or Kite— Often seen 

in the densest forests. 

165. Aooipiter fUsoua — Sharp-whinned Hawk— C^uite common, but Icks 

so than the next species. 

166. A. oooperii. — Cooper's Hawk- -Breeds here extensively. 

167. Astur atrioapillus.— Goshawk — Not abundant, but fairly repre- 

sented. 

168. Paloo eryrfaloo var labradowi.— (jerfalcon— Hare. 

169. P. oommunis. — Dlck Hawk, — Cannot be said to be ver>- conunon. yet 
• is often seen. — Hreeds in the State. 

170. P. ooliimbarius. — Pigeon Hawk,— Rather rare. 

171. P. riohardsonii — Richardson's F a u on,— Occasional . 

172. P. sparverius. — Sparrow Ha wk.— Very common, 
178. Buteo borealis. — Red-tailed Hawk,— Common. 

174. B. lineatus. — Red-shouldered Hawk, — Not so common as the Red- 

tailed Hawk. 

175. B. swainsonii. — Swainsox's Hawk,— Not uncommon in the west part 

of the State. 

176. B. pennsylvanious.— Broad- wiNo ED Hawk,— Rather a common 

buzzard. 

177. Archibuteo lagropus var sancti-johannea— Rare. 

178. Pandion halioetus. — Osprey or Fish-hawk. — A moderately n'prc- 

sented species. 

179. AquilaohryssBtus.— Golden Eagle.- Rare. 

180. HalicBtus leuoooepalua— Bald E a ole— Common. 



181. Oathartes aura.— Turkey Buzzard- Not common. 
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182. Bctopistes migrratorius.— Wild Pigeon— Extremely variable— nev- 
er quite abundant. 

Ifti Zenadura carolinensiB.— Common Dove— Common. 

184. MeleaRris g'allopavo var. americana. — Only found in f\w extreme 

southwestern part of the State and then very rarely. 

185. Tetreu) canadensis. — Canada Gkousr— Northeastern part of the 

State. 

186. Pedioeoetes phasianellua — Sharptailed oroubk — Common in 

northeastern and northern portions. 

187. Oupidonia oupidc— Pinnated Grouse— Commom. 

188. Bonasa lunbellus.— Ruffed Grouse — Common. 

189. Laffopus albus.— Willow Ptarmigan— Rare. 

•190. Ortyx virfifinianus.- QuAii^r-Becoming more common but not yet 
abundant. 

191. Squatajx>la helvltica. — Black-bellied Plover — Rather common 

in both migrations. 

192. Oharadrius fulvus var virgrinlanus.— Golden Plover— Abun- 

dant in migration. 

193. ^giaHtia vooiferus.— Killdeer Plover— Common. 

194. A. Bemipahnata.— Ring Plover— Fairly common. 

195. Strepsilas interpres. — Turnstone — Not common but well identi- 

fied. 

196. Reouvlrostra americajia..— Avocet— Rare or not common. 

197. Hlmantopus nigrricollis. — Stilt — Not very common, nor yet rare. 

198. Steffanopus wllsonii — Wilson's Phalarope— A moderately rep- 

resented species. 

199. Iiobipes h3rperboreus.— Northe^in Phalarope — ^Not as frequently 

seen as the last. 

200. Phalaropus fulioarius.- Red Phalarope— Rare. 

201. Philohela minor.— Woodcock — Not abundant, yet frequently seen. 

201. Qallinagro wilsonii— Wii^^on's Snipe— Common. 

202. Macrorhampus griseua- Red-breabted Snipe — Rare. 

203. Micropalma himantopua — Stilt Sandpiper — Occasionally seen. 

204. Breunetes pusillua — Semipalmated. Sandpiper— About same as 

last. 

205. Trinfira minutilla.- Least Sandpiper— Common. 

206. T. maoulata. — Jack Snipe— Common. 

207. T. alpina. — Red-backed Sandpiper — Conuaon. 
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208. OaledrlB arenaria.— Sanderijno— Rare. 

20ft.'^Iiiinosa fedoa.-- (tUKAT|MARBLED Gonert — Not rare, hut not common 
except in the eactreme northwest part of the State. 

210.'"Totanu8 Bemipalxnata.— Wit.let— Same as last. 

211. T. xnelanoleuous. — Gre atkr Tellt a le— Not rare. 

212. T. flavipes. — Lesser Telltale— CJommon. 

213. T. BOlitariiia— Solitary Sandpiper— Rather common. 

214. Tringroides xnaoularius.-— Spotted Sandpiper — Common. 

215. Tryngrltes rvifisoena — Buff-breasted Sandpiper — Rather rare. 

216. NumeniuB lonfiriro8tris.—LoNG-BiLLED2 Curlew— Common along 

the^Red river. 

217. N. hudsonious. — Hudsonian Curlew—Lcss common. 

218. N.^borealis. — KsquimauxCurlew — Not rare. 

219. Ardea herodius.--GREAT Blue Heron -Common. 

220. A. egrretta.— White Heron— Occasional. 

221. A. candadisBima.— Snowy Heron— Very rarely seen. 
• 222. A. viresoens. — CIreen Heron — Common. 

223. Nyotiardea firrisea,;var. nsBvicu — Night Hkron— Not rare. 

224. Botaurusminor.— Bittern— Very common. 

225. Aradetta exllis. — Least Bittern— Common. 

226. Grus axnerioana. — White Crane — Not very common birds here. 

227. G. oanadensis. — Sandhill Crane — Common. 

228. Rallus elearans.— Kino Rail— Occasiond. 

229. R.fvlrfirlnianiiB.— Virginia Rail— Common. 
21^0 . Porzana oarolina . — Sor a R a iii — Very common . 

231 . P. noveboraoenaie.— Y ello w R ail— Rather rare. 

232. Gallinula graleata.— Florida Gallinule — Not common, but breeds 

in the Minnesota River bottoms. 

233. Fulica amerioana.— Coot— Abundant throughout the state. 

234. Oygrnus buccinator.— Trumpeter Swan— Common in migrration 

along the Red River where it breeds to some extent. 

235. O. amerioanuB.- White, or Whistling Sw^an— Common in some 

regions where it breeds. 

236. Anser albifrons var. grambelli.— White fronted Gtoosr— Proba- 

bly stragglers but represented. 

237. A. hyperboreua— Snow Goose— abundant in the autumn mign* 

tions. 
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238. A. ooBruleoens— Blue Goobe. — Ofken seen in the Red River region 
in migration. 

289. Branta bemiola.— Black Brant— Not really common nor specially 
rare. 

240. B. oanadadensis.— Common Wild Goobe— Abnndant. 

241. B. hutohinsiL — Hutchin'b Goose — Less common. 

242. Anas bosohaB.— Mallard — Abundant. 

243. A. obsoura. — Black Duck — Rather common. 

244. Daflla acuta. — Pintail Duck— Common in its migrations. 

245. Ohaulelasmusstreperus.— Gad wall Duck— Common. 

246. Mareca amerio€«iaWiDGEON — Equally common. 

247. Querquedula oarolinensis. — Green- winged Teal— Abundant in 

migrations and breeds in considerable portions of the State. 

248. Q.^di800r8. — Blue-wtnoed Teal — Also abundant in migrations and 

breeds here. 

249. Q. oyanoptera.— Cinnamon Teal— Very rare straggler. 

250. Spatula olypeata. — Shoveller Duck — Breeds here, and is common. 

251. Alx spona.— Wood Duck— Abundant breeder here. 

252. Fuligrula marila.— Blue-bill— An abounding species in both migra- 

tions' and probably" breeds here. 

25i3. P. aflBinls.—LiTTLE Black-head — About as last. 

254. P. oollaris. — Ring-nkcked Duck — Not abundant except in occasional 

seasons. 

255. P. vsdisneria. — Canvas-back Duck — Not usually very abundant, but 

breeds hei-e. 

256. P. ferina, var. [amerioana— Red-head Duck— About like the last- 

not yet certainly^ known to breed here. 

257. Buoephala olcuierula. — Golden-eteDuck — Not uncommon in mi- 

gration. 

258. B. albeola. — Butter-ball Duck — Abundant, and is "believed to breed 

in the northern section of the State. 

259. Harelda grlaoialia — Small flocks occasionally met in full migration. 
2fi0. GEjdexnia amerioana.— Black Scotu— rare. 

261. Erisxnatura rubida.— Ri:ddy Duck— Not very common, but breeds 

here. 

262. Mergrus mergranser.—SHBLLDRAKE— Common, and breeds here. 

263. M. serrator.— Red- BREASTED Merganser- Also common, and breeds 

here. 

264. M. ouroulatusi— Hooded Mbroansbk — Like tine last two. commi 
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265. Pelioanus traohyrhsrnohua — White Pklican — Common, breedinj? 
in colonies — in retired sections. 

266. Qra^culuB oarbo.— Common Cormorant— rare. 

267. G. dilophus. — Doible-crested Cormohant — More common, but not 

numerous. 

268. Larus argrentatus. — Herring Gull— Common in migration. 

269. L. delawarensis.-— RiNG-BiLLKD Gull— Not uncommon. 

269. L. trydaoty lUB. — Kitti w a k e G u ll— N ot common . 

270. L. atrioilla.— Laughino Gill— Repoi-teJ, but doubtful. 

271. L. ft-anklinl.— Franklin's Gull— rare but identified. 

272. L. Philadelphia. — BonaparteV GuLir— More common. 
278. Sterna oafipia.— Caspian Tern— Several collected. 

274. L. forsteri — Forster's Tern- Common, and breeds here. 

275. S. superoiliarls var, antillaruin. — Least Tern — Not rare, prob- 

ably breeds here. 

276. Hydroohelidon lariformis.— Black Tern— Very common, and 

breeds here extremely. 

277. Oolymbiis torquatua— L<jon— Very common. 

278. O. septentrionalis.- Red-Throated Diver — Rai-e. 

279. Podioeps coruntus. — Horned Jieebe — Common. 

280. P. ffriseiffena var» hoebollii — Red-Necked Geebfi — Not com- 

mon, but breeds here. 

281. Podilyinbuspodioeps.—DABOHicK— Common. 
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The Winter Birds of Minnesota. 



BY THOMAS S. ROBERTS. 



?rof, N. H. Winchell: 

The question is often asked ''How many kinds of birds are there 
in Minnesota in the winter time?'' and supplemented not infre- 
quently by the remark "not many, I suppose." There seems to be 
no more appropriate place for the answering of this question at 
length as it deserves than in the annual report of the survey. 
The present article is therefore respectfully submitted as an at- 
tempt to list our winter birds so far as they are known to the 
writer at the present time, with the introduction of such brief 
notes, mainly of a popular nature, in regard to the occurrence, 
habits or appearance of ejich species as may assist in its identifica- 
tion or be of interest otherwise. 

The much greater abundance and attractiveness of birds in the 
summer season is very apt to entirely abvsorb the attention of the 
casual observer and to lead to the almost complete neglect of our 
winter birds; especially as the latter are greatly diminished in 
numbera. are comparatively silent and are largely shielded from 
observation by the many drawbacks to outdoor investigation in 
the winter time. But because the birds do not force themselves 
upon GUI' attention in winter as they do in summer we ought not 
to conclude either that there are no birds present or that they are 
of little interest. The fact is that while birds are generally far 
from abundant in the cold season, particularly in respect to indi- 
viduals, there are yet a goodly number of species to be found with- 
in the limits of the State. And among these every lover of birds 
cannot fail to find a nuni))er which are of much more than aver- 
age interest. Birds which are attractive either in themselves on^^ 
account of their beautiful or varied plumage, or by reason bij^^jOOQlC 
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curious and perhaps little known habits, or through having inter- 
esting personal histories recorded in the pages of our ornithologies.* 
The only opportunity to become acquainted with such birds as the 
handsome and little known evening grosbeak, its relative, the pine 
grosbeak, the ele^nt northern waxwing or the more common but 
little less interesting red-poll Jinnet, snow bunting and Lapland 
longspur, is during their sojourn here as visitors from their far 
northern summer homes. Moreover those birds that are present 
in the summer, have, in winter, to live and gain their livelihood 
under greatly changed conditions which presents them to the ob- 
server in new and generally very different aspects. The winter 
then offers a field for study peculiarly its own — not a rich and al- 
most endlessly varied one like that of the summer and transition 
seasons, but yet a field amply repaying the outlay of time and effort 
necessary to become acquainted with its prominent features. 

A word may be said here in reference to a noticeable trait of 
many winter birds which renders their observation all the easier if 
one is but looking for them. It is the preference often shown for 
the vicinity of dwellings, towns or even busy cities over the wild 
and unsettled country. The jays, grosbeaks, waxwings, sparrows 
and even hawks and owls are more likely to be found in the near vi- 
cinity of human habitations than elsewhere. The greater ease and 
certainty with which food and shelter can be obtained is no doubt 
the reason for this. 

The probable number of birds constituting the avi-fauna of 
Minnesota is in the near neighborhood of three hundred. Of this 
number about two hundred and seventy-five species have thus far 
been collected or otherwise identified. About fifty species are 
known to occur in the State in the winter months. Of these a 
few are accidental; some are rare birds everywhere and at all times; 
while others are found only during occasional winters. There is 
scarcely the lea.st probability that all would occur at any one local- 
ity: nor is it very probable that the whole number occur within 
the limits of the State during a single winter. An experience ex- 
tending through several winters differing in character, together 
with a residence in different parts of the State, would therefore be 
necessary to form the winter acquaintance of all these birds. 

♦Entertaining accounts of all tlie birds so briefly mentioned below may be found by ref- 
erence to such works as Audul r rvVWHycn's, and Nuttall's Ornithologies, Cone's Birds of 
tlie Northwest, Baird, Brewer and Kidgway 's Birds of North America and numerous other 
minor works of a more popular nature, among which may be mentioned the writings of 
John Burroughs. The latter** "Wake Robin" is a little book full of charming bird biog- 
raphies. 
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For the purpose of showing at a glance the manner of their oc- 
curence, our winter birds may be divided into groups somewhat as 
follows: First — Permanent residents, or those birds found in the 
State the year round; Second — Winter visitants, including such 
birds as come into the State from the north to pass the winter sea- 
son; Third — What might be called, adopting a florist's term, "Half- 
hardy species," embracing those birds found regularly during mild 
winters or which appear during mild weather in the latter part of 
January and in February; and lastly, a few species that are purely 
accidental. 

In the following lists, the species belonging to each of these 
groups are given in their natural order. It should be said, how- 
ever, that in the case of two or three species the positions they 
hold are only provisional; as for example it is quite possible that 
both the hawk, owl and goshawk may breed in the northern part 
of the state, in which ease they should be placed among the per- 
manent residents instead of with the winter residents as below. 



PERMANENT RESIDENTS. 

1. Parus atrioapiUus, {Linn.) (Bf^ack-cappkd Chickadee.) — A common, 

cheery little bird found almost every where, and known by sight 
and name to nearly every one who notices birds at all. They spend 
the winter in small companies which rove through the woods and 
thickets and not infrequently appear in the very centers of our cities 
and towns, llie severest cold seems only to increase, if possible, their 
activity and bustle. 

2. Sitta oaroliaensiB, {Lath.) White-Bellied Nuthatch.)— A 

small, bluish, black-capped, white-bellied bird sometimes, though in- 
correctly, called "sapsucker." In common with the following species 
it spends its time creeping over the limbs and trunks of trees in search 
of food, wood-pecker-like, and so is often regarded as a small member 
of that family. It is not, however, related to the woodpeckers, and 
even its scansorial habits it will be found by a close observer to differ 
very much from those birds. The nuthatch is a common bird, of con. 
fiding and familiar habits and may be seen regularly about our 
streets and yai*ds as well as in more retired localities. They are 
almost always in pairs and apparently remain constant throughout the 
year. 

3. Sitta oanadensis. Linn. RED-BEiiLiED Nuthatch. — Smaller than 

the last and rusty colored beneath. Seldom found in winter in iiie 
southern part of the state where, however, it is frequent in fall an# ' 
25 
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spring. Mr. T. M. Tripple ha.s recorded it as common in the central 
part of the state in December 1870. 

4. liOzia leuooptera. Gm. ' White-winged Crossbill. — Apparently 
much less common than the next, from which it may be distinguisheil 
bv the presence of two white bars on the wincr. 

i>. liOxia ourvirostra amerioana. {Wils.) Cones. Rkd-Crossbill.— 
The crossbills are birds found almost exclusively in or near the conifer- 
ous forests of the State, as their food is largely obtained from thecone** 
of evergreens. The name comes from the fact that the upper and lower 
mandibles are curiously crossed somewhat like the parts of a pair of 
scissors. It is this structure of the bill that enables the bird to remove 
the seeds from among the rough scales of the cones. The present spe- 
cies is common and a small flock of stragglers is sometimes seen in the 
neighborhood of Minneapolis and St. Paul, away from their usual hab- 
itat. 

6. Passer doxnestioiis. English Sp.\rrow.— This unwelcome alien ap- 

peared in Minnesota in the fall of 1876, having been preyiously introduced 
into St. Paul, I understand. It has not increased here in its usual extraor- 
dinary manner, owing in great part.|doubtle8s, to our severe winters and 
late springs. At Minneapolis they have confined themselves, as yet. 
entirely to the business part of the city, where they build their large 
unsightly nests in all conceivable situations. 

7. OorvuB ooraz. Lin)t. Raven. — Common in the northern and central 

part of the State. 

8. OyanuruB oristatus. (Linn.) 8w. Blue Jav.— In the south- 

eastern pai-t of the State, a common bird familiar to every one. Of a 
bold and inquisitive disposition the Jay forages about our door yard:* 
and outbuildings, piying into every nook and comer, but never forget- 
ting for an instant to be on his guard against any impending danger. 

9. PerisoreuB ocmadensis. Bys. Canada Jay.— Abundant and well 

known in the pinerips and more northern parts of the State under the 
various names of moose bird, whisky jack, carrion jay. meat bird, etc. 
It is even more lx)ld and fearless than its blue-coated brother, and 
lives about 'the lumber camps and farm houses on the most intimat** 
terms with all connected pith the culinary department. It is possessed 
of a ravenous appetite, and is quite omnivorous in taste, though 
scraps of meat of any kind are always preferable morsels. It seldem. 
if ever, appears in the southern part of the State. 

10. Hylotomiis pileatus. (Linn,) Bp. Pileated Woodpecker. — ^The 

largest of our woodpeckers, and with a single exception, the largest 
found in North America. It is nearly the size of a crow, mainly black 
and with a gorgeous scarlet cap and crest. ** Logcock' ' is its common 
appellation. In heavy timber throughout the State it is a rather com- 
mon bird and stragglers are likely to occur whenever the country is not 
actually prairie or brush land. 

11. Pious villosus. Linn. Hairy Woodpecker. — Common.^ Colors.^ 

black and white, with red on the head in the male, izea Dy ^^jOOQ IC 
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12. Pious pubesoens. Linn. Downy Woodpecker. — Common. In mark- 
ing almost exactly like the last, but only about one half the size. 
These two wookpeckers perfonn a service of incalculable value to man 
by the untiring warfare they wage upon the insects destructive to 
shrub and tree. All winter long they may be seen beside the walk, 
upon the lawn or in the more retired groves of the suburbs indus- 
triously at work upon the infected tree; and their very presence proves 
the existence of the insects or their eggs. The name Sapsuker is ap- 
plied to these birds, but it is not deserved. They are naturally neither 
sap or bark eaters. The real culprit is the yellow-bellied woodpecker. 
Sphyrapcius (ranou8)y a bird that drills large holes entirely through 
the inner layer of bark and thus allows the sap to run out, often in con- 
siderable quantities. I have seen sugar maple trees tapped in this way 
and the whole lower part of the trunk of the tree saturated with the 
sap that oozed out. The bird is fond of the sap and'may be frequently 
seen clinging to the hole of the tree and drinking ttie Uquid that col- 
lects in the punctures. The yellow-bellied woodpecker is not a winter 
resident, but is common in the timber at other seasons of the year. 

18. Piooides aroticniB {Sw. ) Gray. Arctic Woodpecker.— A rather 
common bird in some parts of the State, but only a straggler in the 
vicinity of Minneapolis. It displays a preference for old tamai-ack 
swamps in more or less heavily timbered country. It may be known 
by the uniform black of the upper parts, a square yellow patch on the 
crown in the male and the fact that it has but three instead of four 
toes. Its congener, the banded woodpecker (Picoides Americanus) is 
also a three-toed species but the back is banded with white. 1 1 
has not yet been reported from Minnesota, though it probably occurs 
here rarely. 

14. Bubo virfirinieinus (Gm.) Bp, — Great-horned Owl. — The largest of 

our owls with '•horns" — tufts of lengthened feathers on the head. 
Frequently met with in heavy timber. 

15. Scops aaio (Linn) Bys. — Screech Owl. — A small homed owl, alx)ut 

nine inches in length. Apparently not common- 

16. Nyctale aoadioa((rm. ) By».— Acadian or Saw-whet Owl. — A 

diminutive bird only al)Out seven and a half inches m length. Not 
common. 

17. Aquila ohrysaetiis, L/ww.— Golden Eagle.— A lure bini and but 

little is known of its occurrence here winter or summer. It is intro- 
duced here since it is known to occur in the summer and is usually res- 
ident where found. 

18. Haliaetus leuoooephalus, {Linn)Sar. White-headed or bald 

Eagle. — Occasionally occurs in the winter. An adult bird seen flying 
/>ver Minneapolis, Jan. 1, 1879. (The two eagles maybe distinguished 
in any plumage by noticing the feathering on the* legs; in the golden 
eagle it extends to the base of the toes, while in the bald eagle the low- 
er part of the tarsus or * 'shank" is bare.) 

19. Tetrao canadensis. Linn. Canada or SpurcE Grouse.— Found'in ^ 

the evergreen woods of the northern and central parts of Li|hf||2|||t\5^.^^jOOQlC 
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whei-e it is rather coinmon. It is generally unfit for food, owing to the- 
rank taste and odor 'imparted to t^e flesh by the leaves of spruce and 
other evergreens upon which it feeds. 

20. Pedioeoetes phaaianellus ooluznbicuiiis. iOrd.) Coues. Sharp- 

tailed Grouse. — Common, except in the southeastern part ol the 
State. Not found about St. Paul and Minneapolis, except accidentally .► 
It is an excellent food bird, the flesh being lighter in color than that of 
the prairie hen or pinnated grouse. It may be readily distinguished 
from the latter, not only by the marked difference in the pattern of 
coloration, but by the presence oi two lengthened feathers in the cen- 
tre of the tail, from which character it takes ita name. Great num- 
bers of the sharp-tailed gapie are sold in our markets every season. 

21. Oupidonia oupido (Linn,) Bd. Pinnated Grouse. — Found through- 

out the State where not timbered, except, perhaps, a small area in the 
northwestern part. As winter approaches the pinnated grouse collect in 
vast flocks, called '* packs'*, and during severe seasons many apparent- 
ly retire to the com fields and milder climate of Iowa. 

22. Bonasa lunbellus (LAnn). Steph, Ruffed Grouse. — Common, and 

well known by both the names pheasant and partridge, neither of 
which, however, belong properly to this bird. The ruffed grouse has 
greatly decreased in numbers in the more settled parts of the State 
during the last few years. 

23. Ortyx virfirinianus {Linn.) Bp. Quail Bob-white.— Rather com- 

mon in the southern part of the State, but our severe winters and con- 
tinuous snows prevent them becoming very numerous. 

WINTER VISITANTS. 

•24. Axnpelis ffarrulus Linn. Northern Waxwing.— An irregular^ 
though at times abundant visitor from the north. It usually appears 
in the northern part of the State from November 15, to December 15,. 
and remains until the middle or latter part of April. (April 25, 1876;. 
April 12, 1877; April 14, 1880.) * It sometimes appears in abun- 
dance in March and April, when it has not been seen during the pre* 
vious winter, as in the spring of 1877. 
They associate in flocks often of large size, and during their scjoum 
here live chiefly about our towns and cities, being quite tome and un- 
suspicious. Their beautiful crest and rich, smooth plumage gives 
them a jaunty, trim appearance, which has brought them into more 
general notice than perpaps any other one of our winter birds. The- 
resemblance between the northern waxwing and the common cedar or 
cherry bird is so close, that many persons are only convinced iliat they 
are distinct after a close comparison of specimens. The present Inrd 
is larger and darker than its summer representative and has on the 
wing, in addition to the red wax-like appendages, common to both 
species, considerable white and often some yellow markings. The two 
species may sometimes be seen in early spring associating together in 
• When no locality is specified, dates refer to the vicinity of Mim^^MKfy|c^ ^^jOOQ IC 
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the same flock. The food of the northern birds while here consists of 
mountain ash berries, wild grapes, smilax berries, wolf-berries, high- 
bush cranberries, decayed fruit, especially apples, thrown out from 
stores or kitchens and such other palatable vegetable substances a** 
they can find. But as spring opens, their food becomes largely insec- 
tivorous, and their habits accordingly undergo a marked change. They 
are no longer so familiar or such frequent visitors to back yards and 
alley ways; but are instead much more retiring and refined in habits. 
They capture the insects* on the wing in the manner of flycatchers, and 
a whole flock may often be seen thus engaged for an hour or more at a 
time. Examination has shown that the insects just tak«»n consist 
mainly of minute coleoptera, thousands ef which must appear in the 
air with the disappearance of the snow. 

:25. Heeperiphona vespertina, (Coop.) Bp. Eveving Gkosbeak.— A 
quite regular visitant but rather local in distribution and limit- 
ed in numbers. It generally arrives in the southeastern part of the 
State in the early part of December, but sometimes much earlier, as 
in the fall of 1880, when the writer saw a flock of five in Isanti Co., on 
Oct. 28. It is one of the last of the winter birds to retire, remaining 
usually until the second or third week in May. (May 17, 1876, May|6, 
1877, May 18, 1879.) 

The male evening grosbeak is a beautiful bird being an*ayed in a plumage of 
black, white, yellow and a peculiar ''dusky olive/* the colors hand- 
somely contrasted or evenly shaded the one into the other. The fe- 
male is much plainer, but the species may always be recognized by the 
short but very large conical bill, which ic generally greenish horn 
color. 

Like the wawings the grosbeaks appear to court rather than shun the society 
of man. They are very tame aud will spend an entire season about a 
city, having their headquarters at some central grove and frequenting 
the busiest thoroughfares to feed with entire unconcern upon ttie box- 
elders planted by the walk as shade trees. It is from the keys of the 
box elder and sugar maple that they derive their chief sustenance, and 
it is surprising to see the adroitness with which they remove the tiny 
kernel from its dry husk with their clumsj* looking bill. Their princi- 
pal utterance is a clear piping note dehvered with much energy by male 
and female alike. They have also a weaker, screaming note which 
usually serves as an accompaniment or undertone to the general choral 
performance which is their most common way of expressing themselves 
when settled in some quiet spot. As a friend remarked upon listening 
for the first time to one of their united efforts, the general effect is verj- 
much like that produced by a lot of frogs pipmg in a woodland marsh 
on a still summer evening. There is an unread chapter in the historj' 
of the present bird, which, together with the fact that it is nowhere 
very common, causes it to be of more than usual interest to the ornith- 
ologist. Its nest and to a great extent its simimer home and habits 
are as yet unknown. 

56. Pinicola enudeator (Linn) Coh. — Pink Grosbeak— A bird a httle ^ t 

less in size than the robin; slate coloreil, with brassy yellow or reddish .jOOv IC 
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on the head and mmp in the female and immature birds, but the adult 
male carmine red nearly throughout when in full pluma«:e. It is of ir- 
• regular occurrence, being quite numerous some winters and then almost 

entirely absent for severol winters together. During the winter of 
1874-5 they were common in flocks about Minneapolis and were quite 
well represented during the winter just passed (1880-1). They appear 
in the latter part of November or early in December and leave in 
March (Mar. 13, 1875; Mar. 7, 1879). They have a mellow, sweet 
whistle, aud while here, a low, subdued song. Their food consists- 
largely of sumach berries, mountain ash berries, high-bush cranberries, 
etc., but it is the seeds not the pulp of the berries of which they are 
fond. They rg'ect entirely the pulp of the high-bush cranberry, sim- 
ply pressing out and eating the ningle broad, flat seed. 

27. .Alffiothiis lincuria (Linn) Cab. Red-poll Linnet — A sprightly lit- 

tle bird with a black chin j)atch and a dark crimson on the top of the 
head with^ometimes a rare red plush over the entire heart. It is very 
abundant some seasons, appealing in large flocks and frequenting^ 
weedy fields and tamarack swamps. They appear about the first or 
November aud remain until the middle of April (April 18, 1875). 

28. Plectrophanes nivcdis, {Linn.) Meyer. Snow Bunting.— Common. 

Generally most numerous in late fall and early spring. Arrives in the 
latter part of October (one taken Oct. 16, 1875) and generally leaves in 
April, though stragglers are sometimes found in May (a pair, male and 
female, apparently mated, taken at Minneapolis May 14, 1875, and one 
seen May 5, 1876). A bird a little less in size than a bluebird, plumage 
much variegated with black, white and and reddish brown in the fall 
and winter but becoming mainly black and white in sharply defined 
areas in spring. Breeds within the Arctic Circle. 

29. Pleotrophanes lapponious, {Linn.) Selhy. Lapland Lonobpur. — 

Similar to the last but much darker in color, llie hind claw is very 
long, from which comes the name. The snow bunting and Lt^land 
longspur are highly gregarious birds and during the fall, early springs 
and mild winters they often occur in countless thousands, frequentingr 
prairies and fields where they feed upon the ends of grasses and weeds. 
The longspur appears in Hennepin Co. as early as September (taken 
Sept. 29, 1875 ; seen Sept. 30, 1880) and leaves in late April, though 
like the snow bunting it is occasionally found in May (three taken May 
3, 1875, and a flock seen May 11, 1877). 

30. Spizella montioola, {Gm.) Bd. Trek Sparrow.— A small, brownish 

bird with a dark spot on the breast and an unbroken rufiis crown 
patch. An abundant migrant spring and fiall, and some of the hardier 
birds remain here in sheltered places through the winter, though they 
are most noticeable mild seasons. 

31. Sumium oinereiun, {Gm.) Aud. Great Gray Owl.— An immense,. 

hornless owl occasionally taken in the state, but far from common. 

32. Nyotea socuidiaoa, {Linn.) Newt. Great White or Snowy Owu 

— A well-known and wary bird which, while not exactly common, is 

yet generally and regularly distributed in open 00^13^^^^ dT^^^-^QIc 
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Minneapolis Oct. 15, 1876, and stays sometimes in the southern part of 
the state until the second week in May. 

3;i Sumia ulula hudsonia, (Gm,) Coues, Hawk Owl.— A medium-sized 
owl of diurnal habits. So far as noticed it is uncommon in the south- 
ern part of the state, though it may be more numerous and breed in 
the northern, timbered part. Taken at Minneapolis Oct. 81, 1876, and 
again Dec. 1, 1876. 

34. Astur atrioapillus, (Wih.) Jard. Goshawk.— The hawk generally 

seen in winter. A bold and powerful bird that preys largely upon 
grouse and hares. Seen at Minneapolis Oct. 9, 1876, and young of 
year taken in Lake Co., Aug. 26, 1879. 

35. Buoephalaislandioa, ((rin.) ^(f. Barkow's Golden-Eye.— A beau- 

tifulil)lack and white duck likely to occur wherever there is suitable 
open water. Several years ago, before the noise and activity became so 
great about the Falls of St. Anthony, a flock of these ducks used to 
sx>end the winter in the pool below the cataract. There is in the Um- 
versity Museum a female specimen of B. islandica taken at Min- 
neapolis Jan. 13, 1877. Heretofore the Bucephala occurring in winter 
has been regarded as clangula, and while it is highly probable that 
that species does occur during the winter months, the only winter spec- 
imens that I have examined thus far is referable to islandica. 

36. Harelda fflaoielda (Linn,) Leac/i.-— Long-tailed Duck— Oocni-s on 

Lake Superior. I have in my collection two specimens kindly sent to 
me by Mr. Thos. W. Mayhew, of Grand Marais, Cook Co. They were 
taken at that place, one Apiil 12, 1880, and the other about March 1, 
1881. In answer to an inquiry in regard to the occurrence of the 
species, Mr. Mayhew replied : **They are not considered rare here in 
winter. They make their appearance about October nearly every fall, 
and will remain all winter if the Lake is open ; where they go when 
the Lake freezes I cannot say. I think they generally leave here about 
May. The Indians call them 'jack owly.' '' 

37. CBdexnia fa80€^ Sivaim. Velvet Scoter Coot. — On two occasions I 

have seen ducks, evidently this species, in the river at Fort Snelling, 
once in January and once in Apnl. 

'* HALF-HARDY.^' 

All the species (except Lanius borealis ?) here included under this head breed 
in the State, and when the winters are mild occur throughout the 
the year. 

88. Oerthia fietxnillaris. Liitti— Brown Creeper.— A very small, inconspic- 
uous bird that is quite generally overlooked . May be known by its small 
size, dull markings, and habit of creeping up the tninks and limbs ot 
trees. In its search for food it always begins at the base of the tree 
and passes spirally upward, probing every small hole and crevice with 
its fine, curved bill. Although sometimes found when the weather is 
quite severe, it is never numerous in the winter. (Dec. 10, 1874 ; Jan. 

19. 1877; Feb. 23, 1878.) 
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89. Brexnophila alpestris (Forst.) i^oiV.— Horned Lark.— A bird of the 
prairie and open country, recognizable by the black and yellowish- 
white markings on the head, and black crescent on the breast, together 
with its quiet and unsuspicious nature. It frequents roads along which 
it collects a large part of ite food. When the season is favorable, the 
sometimes larks appear in January, and by the last of February, have be- 
come numerous and are even paired and attending to nesting duties, as 
in the mild February of 1878. They can endure severe cold, and their 
absence in early winter, or sometime the entire season, is due mainly, in 
seems to me, to a scarcity of suitable food while the snows are ao frequent 
and continuous . As soon as the ground becomes bare and slightly mellow 
in patches, however small, th§y return and then have the coldest 
weather that comes. 

40. Lanius borealis ( rt«t7/).— Great Northern Shrike #r Butchkh 

Bird. — A bird about the size and general appearance of a mocking- 
bird, except that it is stronger built and has a powerful hooked and 
toothed bill. More commonly seen in spring and fall, but occasionally 
occurs.during winter. 

41. Oeui>oda>ou8 purpiireus (6'm.) (?ray.— Purple Finch.— Present at 

Minneapolis during the mild winter of 1877-8 and occurring rarely 
colder seasons (Feb. 20, 1876). Male purplish red, except wings and 
tail ; female and young dull -colored streaked ; about six inches in 
length. 

42. Ohrysomitris pinus (Wils.) B/>.— Pine Linnet.— A small dull col- 

ored bird with concealed sulphur yellow markings on the wings and 
tail. Sometimes common in December and occurring occasionally 
throughout the winter. (Dec 25, 1877, Feb. 2, 1878.) 

43. Ohrysomitris tristris. (Unn.) Bjd.— Thistle bird Goldfinch.— 

In winter a brownish bird with black wings and tail, but becoming 
bright yellow in spring. It has' a querulous note, oft repeated, and to- 
ward spring a varied, pleasing song. It sometimes occurs during rath- 
er cold winters and is generally common until the middle of December. 
(Dec. 11, 1X75, Jan. 4, 1877, Feb. 10, 1877.) 

44. Jiinous hyemalis. (Linn.) Sol, Snow bird.— Dark slate-colored, 

sharply contrasted on the breast with the bright white of the under 
parts. Seldom seen during winter. (Feb. 10, 1876, Jan. 21, 1880.) 

45. Oorvus axnerioanus, 7?i(r/. Crow. — Sometimes appears in considerable 

numbers in Februarj*. 

46. Buteo borealis, ^(?wi.> rf«7/. Red-tailed hawk, hen hawk.— Un- 

common in winter, but after a week of mild weather in Januaiy or 
February it may sometimes be seen sailing about high up in the air. 

ACCIDENTAL. 

47. Turdus mifirratorius, IJnu. Robin.— Have heard of one hardy-dispo- 

sitioned bird that Huccessfiilly pa-««8pd the winter of 1877 — 8 about tht^ 
farm of Mr. J. D. (Iriuus, near Minneapolis. The season, however. 



wa.M unnsnally mild 
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48. Anothura trofflodytes hyemalis. (VieiU.) Coues. Wintek 

Wken. — I am not quite positive about this species as a winter bird, 
but think that I have somewhere a record of its occurrence in Febru- 
ary, which T cannot now find. 

49. Quisoalus purpureus Sdneus. i^iV/^.— Crow Blackbird. Occa- 

sionalJy appears in the [midst of cold winters, seeming much more at 
home than would be expected, (Flock of four, Jan. 13, 1876.) 

50. Pioa xnelanoleuoa hudsonioa. (Sab). Coues. Maopie.— -A single 

bird of this species was seen by Mr. Nathan Butler of Minneapolis, iu 
the southaestem part of Steams county, about 1858. Other than this, 
I haye been abld to learn nothing definite in regard to its occurrence, 
although it is a bu*d not easily mistaken or overlooked; being fifteen to 
twenty inches in length, mainly black with white markings on sides 
below, and with an exceedingly long tail, the feathers of which differ 
much in length. 

51. G^allinatf o wilsonL (Temm.) B/9.— Wilson's Snipe. Jack Snipe. 

— Individuals sometimes remain about spring, runs until the middle of 
December or even into January the coldest winters. (Dec. 15, 1875, 
Dec. 15, 1877, Jan. 17, 1879). 

52. Anas bosohas. l^inn. Mallard Duck. I have been informed that 

this duck often remains in spring lakes along the Minnesota River, 
and I have myself seen it as late as Nov. 28. (1875) after a month of 
severe weather. 

In addition to the fifty-two species of birds mentioned above, 
there are several others which it is more than probable are found 
in Minnesota in winter, but as the writer has no knowledge of 
their actual occurrence here, they are not included in the present 
list. Among these are the following three of which have already 
been attributed to the state: — banded three-toed woodpecker, 
Tengmalius owl, red-shouldered hawk, ptarmigan and two or three 
waterfowl that probably occur on Lake Superior. But even 
though this list be not entirely complete, it may serve, perhaps, to 
convey some idea of the nature of our winter avi-fauna or to fix 
the proper names of a few of the birds around us. 

Thos. S. Roberts. 

Minneapolis, Minn., March, 1881. 
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APPENDIX A. 



DETERMINATION OF LATITUDE AND LON- 
TITUDE IN MINNESOTA. 



Office of U. S. Lake Survey ( 

Detpoit, Mich., Dec. 3, 1880. \ 

Prof. N, H. Winchell, State Geologist, Minneapolis, Minn,: 

Sir: — Your letter of the 26th ultimo requesting latitudes and longtitudes of 
points in Minnesota has been received. Absence has delayed an earlier reply. 

In the followinir list the longitudes depend on that adopted for the Lake Sur- 
vey Observatory at Detroit, as 83 *=> -03— 03*60. The latitudes were de- 
termined du-ectly by observations made with Zenith telescope, except the 
cupola of the University where both the latitude and longitude depend upon 
observations made at St. Paul. 

LOKOTrrUDB 
LATITUDR. W. OP 

GRBBNWICH. 

Prlmarv trlaugulation station North Base, on Minn. Point 

nearDuIuth 460-46'-28.32 920-W-88.W 

Easterly comer Custom House, St. Paul 44«-6e'-42.96 930-^-M.(B 

Cupola University of Minn., Minneapolis 44«-58'— 39.28 930-l4'-lP.lB 

Astronomical Post, Court House Yard, Red Wing 440-33'-44.16 920-3l'-M.» 

Spire Catholic church, Red Wing 440-33'-44.64 92«-31'— 19.« 

Very respectfully yours, 

C. B. COMSTOCK, 

Ma,jor of Engineers, and Brig. Gen. U. S. A. 
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APPENDIX B. 



THE CUPRIFEROUS SERIES IN MINNESOTA. 



BY N. H. WINCHELL. 



[From the Proceedingu of the American Association for the Advancement of Science for 

1880]. 

The red shales and sandstones interstratified with the igneous rocks of the 
cupriferous series along the shore of Lake Supenor in Minnesota, show various 
tages and kinds of metamorphism. While in some places, as at Good HarboJ 
bay, they are not much changed by contact with the igneous layers separating 
them, in other places, they show a broken stratification, and a tough and tflice- 
0U8 texture, as at Tischer's, near Duluth, where these beds are finely and angu- 
larly jointed, have a red color and sometimes ajaspery orconchoidal fracture. 
In other places they take on a duU brown color, passing to a greenish-bi*own. 
becoming slaty and firm, or^when in elose proximity to igneous dikes^ becoming 
black, dense and basaltiform, as at points east of Grand Marais. In the segre- 
gation of minerals, the first to appear are calcite and laumontite. These are 
disseminated with varying abundance through the shaly layers, as well as 
through the aluminous and red conglomerates, as seen at the mouth of the 
Manitou river and at numerous other places. They gather in seams, or in cer- 
tain parts of the mass, or in the form of amygdules throughout the thickness of 
the exposed layers. This formation of laumontitic amygdaloids is particularly 
noticeable in those layers whose thickness is from a foot or two to twenty-five or 
thirty feet, and sometimes several may be seen alternating in the same bluff, or 
in a few rods along the shore, with beds of undoubted doleritic rock, as on the 
west coast of Agate bay, where may be seen five layers of igneous rock with 
four alternating layers of crumbling, thm-bedded laumontitic amygdaloid, styled 
** volcanic grits'* by Norwood. 

These amygdaloids are very susceptible to the destroying action of the waves 
and of the atmosphere, and their disintesrration is the immediate cause of many 
of the purgatories and isolated arched beds of traprock that ornament the north ^ ^ 

shore of lake Superior. uigitizea Dy ^^OOQ IC 
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When the source and supply of the heat were more continuous, involving great- 
er thicknesses of the sedimentary beds, the siliceous material was more thoroughly 
fused and disseminated among the other elements. The more limited supply of 
air and water at these greater depths, seems to have produced, at least is coin- 
cident with, a greater abimdance of felspathic material, instead of caJcite and 
the hydrous zeolites, throughout the sedimentary layers. Thus the whole i< 
sometimes changed to a non-differentiated ferruginous felsite. When the pro- 
cess was carried a little farther, crystals of red orthoclase appear in the mass, or 
of orthoclase in the form of translucent adularia, as in the rock of the '*gr>'eat 
palisades.'* When the metamorphism is carried still farther, involving in iU 
slower progress large thicknesses of the red sedimentary shales and sandstones, 
thep become almost wholly crystalline, as seen in the red bluff that incloses 
Beaver bay on the west, and in the red gramte bluff a few miles east of Beaver 
bay. The relationships of these changes with one another, and to the igneous 
rock, are evident at numerous places along the shore between Duluth and Grand 
Portage, and on Isle Royale; and their significance and application to the strati - 
graphic geology of the northeastern part of the state are very important. On 
passing inland from the lake shore back of Grand Marais, and up the Devil's 
Track and Brul^ rivers, the red semi-metamorphic slates of the shore can be fol- 
lowed over a wide extent of territory, gradually becoming more changed and 
crystalline, in receding from 'the lake shore. They pass into red granite and 
^eiss (homblendic) which rises in conspicuous hills, and shows perpendicular 
exposures along the lakes and 8ti*eani8, sometimes several hundred feet high, a< 
at Brul6 mountain, and at Misquah lake (T. 64.1 W., Sec. 22). In some places 
this highly crystalline condition of this red formation is seen to give place sud- 
denly to areas of igneous rock of a dark color,' and showijkg a very different min- 
eral composition, and then to return again. This takes place sometimes on the 
high hills, the two kinds of rock alternating superficially in irregular patches, as 
at Duluth, and at Duck lake and Frog Rock river on the portage trail from 
Little Saganaga lake to. the head waters of the Temperance river, in the north- 
eastern comer of the state. Sometimes the tilted red sedimentary beds seem 
to be overlain by the igneous rock and sometimes underlain by it, the red rock, 
when consisting of sandstone at first, having been hardened into a quartzite. 
Several tilted red quartzite hills, very similar to the quartzite hills at New Ulni 
and in Cottonwood and Rock counties, occur in this connection at Duck and 
Wind lakes, their relation to the igneous rocks being most perfectly exemplified. 
Sometimes this red quartzite becomes micaceous and also felsitic, as may be seen 
at Wind lake. The great extent and the more intense metamorphism of thi« 
red formation, in the country lying to the north and west of Lake Superior, ac- 
companied by larger belts of the igneous rock, more coarsely crystalline, not 
only shows that the seat and source of the igneous action was there instead of 
in the basin of the lake, but also that it was longer continued. It implies also, 
that a similar modification of these beds may be looked for throughout the north- 
west, wherever the formation in known to have been upheaved by igneous 
forces, although the igneous rock itself may be wanting. 

Northwest of Lake Superior the igneous rock forms the main watersheds, 
rising in two main ridges, or ranges of mountains that run southwestwardly, 
one known as the Mesahi, and one as the Sawteeth mountains^ though the for- 
mer name is not restricted to this Mt of high land. The width of the belt of 

metamorphic red shales and sandrock, iissociated with the ijfneous reck, is abo»trvT/> 
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thirty miles in a right line, extending from the head waters of the Brule and 
Temperance rivers to the shore of Lake Superior. The Sawteeth range of 
mountains, which is that nearer the Lake Superior shore, dies away in passing 
to the southwest, and the Mesabi belt of igneous outflow approaches the lake 
shore, apx>earing at Duluth in the form of the **Rice Point Granite.*' The 
tilted red shales, conglomerates and sandstones at Fond du Lac, a few miles 
west of Duluth, are the same as those seen associated with the igneous rock all 
along the shore. They lie there on a white-quartz, pebbly conglomerate, of a 
few feet in thickness, which lies unconformably on the roofing slates of the 
Huronian, the same formation that succeeds to the red rock formation toward 
the northwest, at Ogishke Muncie and Knife lakes, northwest of Grand Marais. 

The mineralogical characters of these belts of igneous rock, which form some 
of the main features of the topography, seem to ally them to the Norian rocks 
of T. S. Hunt, and to the Labradorite rocks of Canada. At least if they be not 
the western extension of those formations, then those formations have not yet 
been discovered in Minnesota. But several traverses have been made of the 
country northwest of Lake Superior, for the purpose of geological examinations 
without finding anything that is at all comparable to those formations if it be not 
the rock of these hill ranges. The rock consists generally of some feldspar, 
which at Duluth has been found to be labradorite in large per cent., and at some 
places constituting over ninety per cent, of the mass, with varying proportions of 
augite or magnetite, or magnetic menaccanite, with various accessory ingre- 
dients, or minerals that result from change. It is massive, firm, dark-colored, 
and rises in low mountain ranges, as already stated. If its relation to the 
red granites and gneisses with which it is accompanied were not so evident, by 
simply noting the changes from the lake shore northwestwardly, it would hard- 
ly be presumed to be a parallel of the igneous rocks of the coast, any more than 
the red gneisses and quartzites would be of the shales and sandstones that are 
interbedded with them at the coast. So far as yet examined, these Labradorite 
rocks contain no bands of limestone, which is due probably to the fact that the 
Cupriferous Series in the northwest is not known to contain any beds of lime- 
stone. Tn the absence of this element, and in this only, so far as can be judged 
by the writer, these Labradorite rocks seem to difier from the Labradorite rocks 
of the " Upper Laurentian " of Canada. 

Tnferentially, therefore, the so-called "Upper Laurentian'' containing 
Eozoon Canadense, seems to parallelize with the igneous rocks of the Cuprif- 
erous Series, or rather with the modified interbedded sedimentary portions of it^ 
and hence the Eozoon, instead of being truly a Laurentian organism, seems to 
be one of the Cambrian or Lower Silurian. The abundant graphite of the 
"Laurentian" which pointed the way to the prediction of organisms in that 
formation, is also found in the modified quartzites and shales of the Cupriferous 
Series in perhaps equal abundance in the State of Minnesota. 
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APPENDIX C. 



AN ANCIENT OUTLET OF LAKE MANITOBA. 



St. Paul, Minn., May. 25th, 1881 
Professor Winchell, Minnesota State Geologist^ M%nneaj)olis^ Minn, : 

Sir: — ^The following items relating to a supposed outlet of Lake Manitoba 
into the Assiniboine river, and other data, I have gathered from old journals 
(1874) and note books. The information is not as complete as I would like, but 
whatever you find herein I can vouch for. All the elevations given in this com- 
munication are referred to a datum plane 100 feet below the bench mark on 
Higgin^s store on Main street, Winnipeg, Manitoba, and which is thirty-four 
(M) feet above the level of Lake Superior. The lots mentioned as being on the 
banks of the Assiniboine River are those of the Canadian government survej-s 
of half-breed claims, as shown on the maps of the Dominion land office in 
Manitoba. 

In the Parish of Baie St. Paul's and a short distance west of the big bend iu 
the Assiniboine River known as the Bay, a narrow strip of water about six 
miles long and in no place over a mile wide forms what I take to be the end of a 
former outlet of Late Manitoba. It Is known as Long Lake, and varies m depth 
from six inches to six feet. The south end is about a quarter of a mile from tht» 
river. It runs northerly about two and a half miles and then turns abruptly 
and runs a little north of west for about three and a half miles. At the west 
end of Long Lake a creek (Long Lake Creek) falls into the lake. Going up the 
creek we run nearly due west for about one and a half miles, then the creek 
takes a southerly bend for about two miles, then westerly about four miles. 
This is the course of the creek proper; from its head there is a depression with 
a north-westerly trend gradually rising, having several branch depressions run- 
ning northerly and north-easterly, and southerly and south-westerly. The sum- 
mit of this main depression is from two to four feet lower than any other point 
of the water-shed between Lake Manitoba and the Assiniboine River, with an 
approximate elevation of 150 feet -above datum. The depression beyond the 
summit, and having the same trend, becomes more and more defined as we go 
on, until it forms a cooley, or dry run, which lead.s into a small branch of the 



uigitizea Dy ^^av7 



ogle 



STATE GEOLOGIST. 389 

creek east of Portage creek, which, for the sake of distinction, I have called 
DufFerin creek and .which falls into Lake Manitoba with a very slight current. 
The banks of this creek are low and shelving, having a slope of about 4 to 1. 
From the cooley before mentioned there are several branch cooleys, possibly con- 
necting with branches of Portage creek. To explain why I am led to believe 
Long Lake to be the remains of an ancient water course, I will give the actual 
levels taken, referred to the datum line mentioned previously. 

Feet. 
£levation of Lake Manitoba and marsh suiTOunding south end 148.90 

*' bottom of Dutferin creek at a point about one and a half 

miles south of township line 148.38 

' ' top of bank of Dufferin creek at same point 164.84 

Dutferin creek is here about nine inches deep. 

•' lowest point of ridge, (approximately) 150.00 

Elevation of Long Lake 136.85 

*' ** Land, 15 chains from Long Lake, southeasterly 139.44 

'* ** 25 *' ** " 140.04 

" top of bank of Assinibonie river at centre of lot 142, 146.28 

** *' Assiniboine river at centre of lot 142 134.13 

The immediate banks of Long Lake Creek are from six to ten feet high, slop- 
ing IJi to 1. The ground on the north slopes gradually upward to a gravel 
ridge for the first two miles. This ridge is probably six to eight feet above the 
immediate bank of the creek. The ground to the south also slopes gently up- 
ward, c(mimencing to slope however some distance from the creek. The im- 
mediate banks of Long Lake are from six to ten feet high, sloping up gradu- 
ally. At the south end of Long Lake there is a channel running westward for 
three miles, and then losing itself in the prairies. There is also a slight depres- 
sion running southeasterly towards the river. The only objection that can be 
raised regarding this being an ancient outlet of Lake Manitoba, is that the im- 
mediate banks of the Assiniboine river are al)Out nine feet above the present 
level of the water in Long Lake, but the ridges forming the channel of the sup- 
posed old watercourse are, I am strongly inclined to believe, in no place lower 
than fifteen feet above the level of Long Lake. 

The follo^nng extracts may be found useful: 

October 1, 1874. Elevation of B. M. on wall of second store below the Davit* 
bouse, (Higgins' store) in Main street, Winnipeg — 100 feet above datum eleva- 
tion of B. M. on southeast.comer of plinth of Fairbanks' weighing machine, 
about 100 yards south of Hudson Bay Company's store at Winnipeg is. . 95.59 

Elevation of top of bank of Red and Assiniboine at junction 95.36 

*' ** ordinary summer level of Assiniboine river. 68.40 

** present level of Assiniboine river 65.79 

Note. — The last two elevations were taken at the junction of the Assiniboine 
river with the Red river of the north. 

Elevation of level of river Assiniboine at mouth of Colony creek 65.83 

October 2, 1874. Elevation of river Assiniboine at road-crossing between 

lots 71 and 72, in parish of St. James 68.18 

Elevation of river Assiniboine (ordinary summer level) at same point as 

above 68.97 > t 
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Elevation of river Assiniboine (ordinary spring level) at same point as 

above -. 77.0S 

Elevation of river Assiniboine (ordinary Rpring flood) at same point as 

above 82.61 

• The summer, spring and flood levels are very rough, being pomted out by a 
settler and may not be relied on to one foot. Banks high and abrupt, com- 
l)08ed of sand and day in mechanical combination. Near the west end of lot 
41 in the parish of St. James, a great number of boulders, from two to three 
feet in diameter of a decided granite nature appear on the north side of the 
river. Banks are twenty feet high, very abrupt, composed of clay and sand, 
mixed. An exposure of the bank of the Assiniboine river on the south side, 
near lot 53 in St. James' parish, shows five feet of loam and eight feet of sand. 
The sand evidently extends far below this. The stones in the river are prin- 
cipally lime and conglomerates, (with scattered basalt boulders.) 

October 5th, 1874. Sturgeon creek, near its junction with the Assiniboine 
river, has no regular channel, the ground on all sides being cut up with sloughs. 
It is evidently a serious torrent, when swollen. Elevation of water level of 
Sturgeon creek, at bridge, about half a mile from Assiniboine river, 90.96 above 
(latum. Elevation of water level of Assiniboine river, at mouth of Stui^geon 
creek (the boundary between the parishes of St. James and St. Charles), 83.34 
above datum. 

October 8th, 1874. Elevation of water level of Assiniboine river at the cross- 
ing of the ** Winnipeg meridian," in the parish of Headingly, 94.50. 

October 9th, 1874. Elevation of bank of Assiniboine river, at lots 202-203, in 
parish of St Francis Xavier, is 122.55. Elevation of top of secondary bank is 
1 14.00, and elevation of water level of river at same point is 99.01 above datum. 

October 13th, 1874. Exposure of north bank of Assiniboine river, near 
church of St. Francis Xavier: 
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Decayed leaves and mould. 



Sand and clay, nieehanieally combined. 



Sand and monld— mould predominating. 



Sand and clay— i'lay predomlnatinR. 



Li me and sand. 

Sand and clay— nand predominating. 

Clay and sand— i^lay predominating. 



(May and smul— e<|ual mixture. 

(May and a \iU\v sand. 
Pure sand— bed of river. 



Elevation of the top of bank live (5) chains below St. Franciis Xavier church 
is 121.67. Elevation of water level of river Assiniboine, at same point, is 
102.95. 

October 20th, 1874. In lot 230, in Parish of Baie St. Pauls, the top of bank 
of river Assiniboine is 132.67 in elevation above datum. Elevation of water in 
river at same point is 117.15. 

October 24th, 1874. Elevation of water-level of Lonjf lake, in parish of 
Baie St. Pauls, 136.85. Elevation of land 15 chains S. E. from Long lake, 
139.44. Elevation of land, 25 chains S. E. from Long lake, 140.04. Elevation 
of top of bank of river Assiniboine, at center of lot 142, in parish of Baie St. 
Pauls, 146.28. Elevation of water in river Assiniboine at same point, 134.13. 

August 16th, 1875. The valley of the Assiniboine river at Fort Ellice is about 
a mile and a half wide, with very steep slopes. It seems to be one big marsh, 
in which any quantity of alders and willows flourish, and in which the winding 
river flows in its course. The river is nearly as broad and presents the same 
appearance as it does near Fort Garry. Elevation of B. M. on northwest cor- 
ner of the Hudson Bay Company's store at Fort Ellice, 822.28. 
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Valley of the Assiniboine river at Fort Ellice is 220.5 feet deep. Valley of 
Snake creek, near Fort Ellice, and on an eai*t and west line thereof, is ir>5.6 feet 
deep. Valley of Bird Tail creek, about twelve miles from Fort Ellice, and on 
an east and west line therefrom, is 150.65 feet deep. 

T have the honor to l»e. yours very truly, 

H. S. Treherkk. 




A}ntro.iimnteMn\€ ftf >ii.i- mik)* tn ^i inch. 
SKETCH MAP, 

SH0WINC4 THAT POKTION OK THE IMJOVINCK OK MANITOBA LYING IJETWKEK 
LAKE MAKITOHA AND THK ASSI MHOINE RIVER. 

NoTK. Dotted lines show approxi mutely the |M»sltH>ii of high ^oiind. 
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ERRATA FOR THE GEOLOGICAL REPORT FOR 1880. 



[NoTK- These errata may be^made in the Begeiits' Report by adding 90 to the paging 
given.below.) 

Page 11. At the end of the eleventh line add, vide No. 42. 

13. Fourt<»enth line — for nearly, read mainly. 

17. Fourteenth line — for heavy-dark, green, read heavy, dark-j^^een. 

21. Twenty-first line — for their, read thin. 

21. The third line should be^the first line. 

41. Thirty-second line — for arid igneous, read igneous and. 

42. Thirteenth line — for easily, read evenly. 
4'i. Thirty-fifth line — for rfnyf.'read dip. 

46. Twentieth line — at the end of the line add, ( ?). 

48. Next to the last line — after *'up'' insert, almost entirely. 

49. Twenty-first line — for Branch, read Beach. 

54. Lines thirty-four and thrity-six — for 814 and 315, read 214 and 216. 

55. Tenth line — dele para^fraph and read, No. 214 is of similar rock, etc. 

56. Twelfth line — for north, read mouth. 
60. Eighteenth line — for there, read these. 
63. Fourteenth line— for 161, read 261. 
72. First line—for (No. 5), read (N. & S.) 
78. Next to last line— for '*M" read^J^. 

80. Thirteenth line — alter **Duncan's lake," insert is. 

82. Last line— for;i>27 read 727. 

105. Twenty-sixth line — for Vermilion iMke read Lake Superior. 

122. Next the last line— for ^3522 (199) read 3522 (—199), 

170. Thirtieth line — for organic of the, read of the organic. 

224. Fourth line — for is read are. 

224. Thirteenth line — after raised insert it. 

234. Twenty-first line— for /rom read join. 

288. The first four lines should l>e inserted before the last line on pa^287. 

3^37. The foot notes should exchange places. 

390. The last two lines should appear as a heading, to explain the dia- 
gram on the next page. 
Scvei*al minor errors will easily be corrected by the reader. 
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PLATE I. 

Fijf. 1. Old Fortification or Camp, Town 135. N., Range, ^34 W., about sec. 27. 
Surveyed in 1869, by 0, E. Garrison. 

Fig. 2. Diagi-am of Pokegama Falls, in plan (A.) and section (B.) The num- 
bers in **B" refer to samples of rock transmitted with the report. 

0. E. Qarrison*lSHO. 
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Fia.2.— PoKEGAMA Falls. 
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PLATE II. 



Fijf. 1. Prairie Kivt»r FhIIk. Town V) N.. Kange 25 W., 4th Mer. 

Fi«:. 2. Si'rtion l>**l«>vv tin- nioiiih oftlir I'lniric h':v*M*«>n th«' V»liiHs of tlu* Mi^- 
His,si|)pi. 1. Saiiti> louiii. 2. P.'l»l)livs ;i!ni >n\i\\\ 'nouUVrs. •*». Iji^ht 
rolorril tin*' sand. 4. V«'llowi>li >iijnl l>ainle«l witli iviiJish layei*s ami 
nvor niml. ainl Imvin^ spnnsr^ ot' wat^'r. •'» ami H. Fle«l and bine clays. 
7. Boulder clay. 

Fijf. 'i. Hei\ of stratitied clav shown in seetion of the bluff of the Mississippi 
below the month of Sandy Hiver. (a.) unstmtified clay; (b.) stratified 
and joint^l clay ; (c. ) like Fig. 2. ; 1 and 2, Kurface of water in river. 
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Fig. J. 
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PLATE III. 

Sections acrosB the Mississippi and Minnesota valleys : 

No. 1. Transverse section of the Minnesota valley at Big Stone lake. 

No. 2. Transverse section of the Minnesota near Mankato. 

No. 3. Transverse section of the Minnesota at Fort Snelling. 

No. 4. Transverse section of the Mississippi valley below Fort Snelling^. 

Numbers in the vertical scale show heights above the sea. — /"FroiwH^n >•#•#>«'.'? 
Repoi't on Bridging the Mississippi.] 
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1>T,ATK III. 
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PLATE IV. 

Sections acro.s« the Misssissippi aiid Minnesota valleys* : 

No. 1. Tmnsverse section of the MissiHsippi valley above Foil Snelling. 

No. '2. Transverse se<'tion of the Mississippi valley at Hastings. 

No. *1 'ri*ansvei*se section of the Missigsippi valley at Lake Pepin. * 

Numbers in the vertical scale show heights above the sea. — f FrotnWarrfn^/t 
Reftort on Bridghtq the Mismiaffippi. / 
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PLATE V. 

The upper Mississippi regrion reduced from a map by 0. E. Garrison: 

Explanation. 

a. Line north and east of which the characteristic tree in the white pine. — 
P. Strobm. 

b. Line including a region in which the chai^acteristic tree is the whit^ 
pine. — P. Strdbus. 

c. Line inchiding a region in which the characteristic tree is the black 
pine. — P. Bankaiana. 

d. Line surrounding a tract in which the characteristic tree is the white 
cedar. — Thuju occidentalis. 

II . Granite outcrops. 

s Sandstone outcix)ps. 

The usual symbol represents hills and blufts. 
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PLATE V. 
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PLATE VI. 



The course of the 'IVrmiiiHl M(»rHines. »jy Wanvn Uphani. 

Fiir. I. Kxpfattftfion. TiTnunal arnl Medial Moraines aiv iiuliiated by dotted 
belts: {>.«ra!l''l ijliliniic lines maik the hriftless Area; and do(tte<l lines 
and arn»\vs sliow tlie dir.'(ti(»ij of'Tlacial < iirrents. 

Kij^. 2. Map oi rlie rej/ion (»f Lakes Benton. Shaokatan and Hendricks. AV- 
phniatioH. Terminal Moraine and (ilaeial Cnrrents are indieatetl as in 
Fig-ure 1. The ridg'e of tlie moraine is intersected by remarkable chan- 
nels which extend son th westward troni these lakes. 

Fijr. 3. Section across the (Joteaii des Prairies in Yelloiiv Medicine county, 
Minnesota, and Deuel and Oodinjrton connties, Dakot^u 
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PLATE n. 



(^eoloffircU ancLAhiuTxUJSstfry Survei' of^fymaota / 3**Ittp{ 
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ADDITIONAL ERRATA TO THE GEOLOGICAL REPORT. 



[NoTK -The^e errata may be made In the Regents* Report l«v a<Ulinj; !K) lo tln^ pacing 
given Im'Iow.] 

PACJt 12. line two, lor this read their. 

21, line twenty-nine, for east the of read the ea.st of. 

29, the third line should be first. 

35, line 15, alter east insert side. 

49, line thirty two, for alteratitnis read alteniations. 

83, line seven, for hiiie read Itind. 
115. line two. for BrachipiKia, read Brachiopoda. 
115, last line but one, for kirye read larger. 
118, line twenty, for Oithisidal read Orthisidw. 
120, last line, for Jams read James. 
177, line thirty- four, for sec. read town. 
179, line two, for vifces read pebbles. 
179, line 32, for one mile read one-half mile. 

184, line two, for disoverino read descending. 

185, line four from the bottom, takeout t lie superfluous word end, and Insert of lake 
li>3, line fifteen from bottom, for sand read land. 

194, line six, for three miles rea<l three-fourths mile. 

if»4, line five from the bottom, after leaHim, insert one a short distance below. 

194, last line, after a Insert more. 

2uft, the paragraph beginning **There are se\eral tracts," should be inserted after 
the paragraph on page 206 beginning, "West and south of," 

206, in the first paragraph strike out all aft«r the word "interspersed" and insert the 
following : "The line of dashes separated by two dots (a) indicates the wes- 
tern and southern boimdary of the region where the white pine is the charac- 
teristic tree, and the northern and eastern boundary of the sandy black pine 
country ; while the line (c) running near the Northern Pacific railroad from 
near Vemdale northwestward, and the line (b) from near Vemdale to the 
southern margin of the map, represent the approximate division between the 
last and the region of deciduous trees, which extends southward beyond the 
area of the map. 

219, twenty -sixth line, for a few loealiiies having read the few localities herein. 

223, lines four and five from the bottom, for five hundred and seventy-fdjc miUUmt 
read five thousand seven hundred and sixty millions. 

22f7, twelfth line from the bottom, for finds read find. 

230, line sixteen, for necessarily tncrecutes importance read of necessarily increased 
importance. 

230, line seventeen, for cradles read cradled. 

230, line eighteen, for transport read transports. 
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ADDITIONAL ERRATA. 

Pa(1e 232, line eighteen, for 1810 read 1820. 

236. line fourteen, for drains read dams. 

244, line twenty-two, for three m(le read one mile. 

250, the word not, end of the twenty-third line, should be at the end of the twenty- 
second line. 

251, line four, after Li Stieur insert counties. 
269, line seventeen, for Jtfohr read Moe. 

275, line four, for ruts read Mts. 

276. line four from the bottom, for ouU^ts read inlets. 
280, line four, for emigration read immigration. 

292, twenty-eighth line, for northern Minnesota read northern Missouri. 

293, fourth line, for approximating local read approximately level. 
206, twentieth line, omit the comma after before. 

296, seventh line, for Jo?ca read Iosco. 

296, twentieth line, for northioest read southwest. 

296, twenty-ninth line, change comma to semicolon after Freeman. 

296, thirty-first line, change comma to semicolon after Ximda. 

297, twenty-first line, for conveying read converging. 

297, thirty-eighth line, for 26 read 23. 

298, thirty-ninth line, /or ccmsc read course. 

*99, twenty seventh and thirty-second lines, read Rhodes' Mill. 

299, thirty-fourth line, for north read south. 
302, thirtieth line, read south -southeast. 
304, second line, read south -southwest. 

304, thirty-ninth line, for contains read continues. 

306, first line, read Potsdam. 

306, twelfth line, after east insert, and by the east. 

306, thirty-ninth line, for glacial action read glaciation. 

307, first line, for more read nearly. 
307, seventh line, omit and rivers. 

307, eleventh line, read southward. 

308, thirteenth line, for coast read course. 

308, thirty- third line, for Orange read Orange. 
311, eighth line, insert western before series. 

311, thirty-second line, read Esthervllle, and for to read its. 

312, twenty-fourth line, for lake read Lake in three places, and generally else- 
where when used as a name of a town or township ; but in its ordinary use at 
a common noun begin lake with a small letter ; thus : Heron Lohe in speaking 

of the town, but Heron lake when the lake itself is meant. 

313, seventeenth line, read west-northwest. 

314, read The Coteau des Prairies. 

314, twentieth line below, read Highland of the Prairies. 

315. fourteenth line, read west-northwest. 

315, thirty first line, read Potsdam, and same on pages following. 

316, sixteenth line, insert comma after side. 

317, thirty-first line, for area read arm. 

318, thirty-seventh line, read north -northwest. 

319, first line, for was read were. 

319, seventh line, for outlaying read outlying. 

319, twenty-second line, read north -northwest. 

319, thirty-first line and elsewhere, for Warpeton read Wahpeton. 
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ADDITIONAL ERRATA. 



Page 319, thirty second line, for wirthvotii read southwest. 
320, seventh line, for ^xrvMmta read Minneota. 

320, thirty-third line, change semicolon to comma after plateaus. 

321, thirteenth line, insert lower after feet. 

322, twelfth line, for Ellsworth read Bllsborough. 

323, fourteenth line, for iwUd read eroded. 
3!M, third line, for T. 11 read T. lio. 

324, twelfth line, read south -south we,st. 
324, eighteenth line, for ttvo read to. 

327, eighth line, after miUft change comma to semicolon ; next insert, 'then six 

miles are moderately rolling, mainly in smooth swells.' 

328, fifth line, read 46 deg., 30 min. 

328, sixth line, reml elsewhere ; read Head of theCoteau. 

329, in first foot note, read 1878 ; p. 62. 
332, eighteenti) line, read coteaux. 

332, in second foot note, read Territories. 

333, thirty-first line, road Dawson. 

333, thirty-fourth line, for drifts read drift. 

333, thirty-sixth line, after 120 insert miles. 
324, sixth line, for uravrl read gradual. 

334, eighth Wne, tor remnrkahly read mjirlcedly. 

335, thirty-third line, read east-southeaat. 

336, twenty-sixth line, read BulTalo Pound hill. 

337, second line, read WInnibigoshish. 

337, sixth line, for ttic terminal read this terminal. 
337, tenth line, for coteau read Coteaus. 
337, seventeenth line, for hion read deep. 

337, lower part, fourteenth line, read Hilgard. 

338, thirty-ninth line, for its read their. 

330, twenty-third line, for where read when. 

339, thirtieth line, for Hillis read hills. 

340, tenth line, read Chaniplain. 

340, nineteenth line, for /row rea*! form. 

340, last line, rea*l overflow. 

341, first line, read I^moure. 

341, last line, read eiist -southeast. 
347, near bottom, read Iroquois. 
3R1, first line, for Fairfield read Farley. 
361, twelfth line, read Blalrsburg. 

351, fifteenth line, Duncombe. 

352, twenty-seventh line, read Corwith. 

352, seventh line from bottom, reatl Blakely. 

353, twelfth line, read Madelia. 

355, near top, after Becker insert county. 

No errors of printing occur in the lists of figures statins distances and heights, on pages 
M5to356. 

Page 360, twelfth line, for VirUll read Vieill. 

360, sixteenth line, for north read now. 

361 , thirtieth line, for White-UlXcd read White -bellied. 

362, first line, for Hed-hilltd read Red-bellied. 
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ADDITIONAL ERRATA. 

Tag*. *.%«, tt'Oi^j luiiv. .iiie, for Trufvialis reud hyeinalis. 
367. ninth line, for YeUow-tnilfd read Yellow-bellied. • 
369, the second No. 20i should read 201',. 
372, the second No. 269 should be 2094. 
374, foot note, second line, for Cone's read Cones'. 
.375, line two, for carioJiaemi^ read rarolineims. 
.S76, line t)ne, for Tripplr read l>ipj»e. 
.376, line thirty, for Bys read (Linn.) Bp. 
;i76, line forty-four, for wJienet'cr read ^^he^eve^. 
377. line eleven, for Shi)yra)K-iuM (vm-imi^) read (Sphyrapknis wimis). 
377, line sixteen, for hole read bole. 
377, line thirty-two, for Bys read Bjt. 

377, line thirty-four, for Bys. read Bp. 

877, line thirty-seven, the e in Chrymcins ahould have two dots above it. 
?77, line forty-one. the e in Haliaetus should have two dots above it. 

378, line seventeen, for northern read southern. 
.379, line eleven, for just read thus. 

379, line fourteen, for Evemng read Everting. 

379, line twenty- eight,- for wawing read waxwing. 

380, line fifteen, after crimson supply spot. 

380, line sixteen, for rare red plush over iht entire heart read rose red flush '>\ « i the 

entire brea«t. 
.'{80, line thirty-four, for tuds read seeds. 
382, line 12, for have read brave. 

382, line thirty-four, for Sol. read Scl 

3H2, line thirty -seven, for Rttd. read Axid. ^ 

:JH3, line ten, for Steams Co. read Meeker Co. 

383, line thirty, for Teugmalius read Richardson's. 

In the index, p iii, first line, for 344 read 434 ; and for 264 read 344. 
In the Index, p. Iv, for Coteaus read Coteau. 
In the Index, p. vi, third line, for 343 read 433 ; and for 353 read 343. 
On the next page, omit the errata for pages 288 and 337. 
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Thu Iwok should be returned 
to the Ubrary on or before the 
last date stamped beJow. 

Please return promptly. 
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